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By Professor SIR ERNEST RUTHERFORD, F.RS. 
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Ir is not my intention in this paper to give a detailed account 
of the natural disintegration of the radio elements or of the methods 
employed to effect the artificial disintegration of certain light ele- 
ments. I shall assume that you all have a general knowledge of the 
results of these investigations, but I shall confine myself to a con- 
sideration of the bearing of these results on our knowledge of the 
structure of the nuclei of atoms. 

There is now a general agreement that the atoms of all elements 
have a similar electrical structure consisting of a central positively 
charged nucleus surrounded at a distance by the appropriate num 
ber of electrons. From a study of the scattering a particles by 
the atoms of matter and from the classical researches of Moseley on 
X-ray spectra, we know that the resultant positive charge on the 
nucleus of any atom, in terms of the fundamental! unit of electronic 
charge, is given numerically by the atomic or ordinal number of 
the element, due allowance being made for missing elements. We 
know that with few exceptions all nuclear charges from 1 for the 
lightest atom hydrogen to 92 for the heaviest element uranium ar 
represented by elements found in the earth. The nuclear charg 
of an element controls the number and distribution of the externa! 
electrons, so that the properties of an atom are defined by a whole 
number, representing its nuclear charge, and are only to a minor 
degree influenced by the mass or atomic weight of the atom. 

1 Addresses given at the celebration of the centenary of the foundi 
Franklin Institute of Pennsylvania at Philadelphia, published here 
authority of the officers of the institute. 

Vol. XIX.—36 
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This minute but massive nucleus is, in a sense, a world 
own which is little, if at all, influenced by the ordinary physica 
chemical forces at our command. In many respects, the proble1 
nuclear structure is much more difficult than the corresp 
problem of the arrangement and motions of the planetary e! 
where we have a wealth of available information, both physi 
chemical, to test the adequacy of our theories. The facts k 
about the nucleus are few in number and the methods of 
throw light on its structure are limited in scope. 

It is convenient to distinguish between the properties assig 
to the nucleus and the planetary electrons. The movements : 
outer electrons are responsible for the X-ray and optieal spect 
the elements and their configuration for the ordinary physi 
chemical properties of the element. On the other hand, th 
nomena of radioactivity and all properties that depend on th: 
of the atom are to be definitely assigned to the nucleus. F: 
study of the radioactivity transformations, we know that 
cleus of a heavy atom not only contains positively charged 
but also negative electrons, so that the nuclear charge is the « 
of positive charge over negative. In recent years, the genera 
has arisen that there are two definite fundamental units that | 
to do with the building up of complex nuclei, viz., the light neg 
electron and the relatively massive hydrogen nucleus which is 
lieved to correspond to the positive electron. 

This view has received very strong support from the ex) 
ments of Aston on isotopes in which he has shown that the mass 
of the various species of atoms are represented nearly by w 
numbers in terms of 016. From the general electric theory, 
to be anticipated that the mass of the hydrogen nucleus in th 
cleus structure will be somewhat less than its value 1.0077 i 
free state on account of the very close packing of the charged uw! 
in the concentrated nucleus. From Aston’s experiments, it a] 
that the average mass of the hydrogen nucleus or proton, as | 
now generally called, is very nearly 1.000 under these conditi 
We should anticipate that the whole number rule found by Ast 
would hold only to a first approximation since the mass of the p! 
ton must be to some extent dependent on the detailed structur 
the nucleus. In the ease of tin and xenon, Aston has already sig 
nalized a definite departure from the whole number rule and ! 
doubt a still more accurate determination of the masses of the at 
#ill disclose other differences of a similar kind. 

While our present evidence indicates that the proton and \ 
tron are the fundamental constituents of the nucleus, it is 


ya yt 


»srobable that secondary combining units play a prominent pa 
I ’ 





THE CENTENARY OF FRANKLIN INSTITUTE 563 


nuclear constitution. For example, the expulsion of helium nuclei 
from the radioactive bodies indicates that the helium nucleus of 
mass four is probably a secondary unit of great Importance in atom 
building. On the views outlined, we should expect the helium nu- 
cleus of charge two to be built up of four protons and two electrons. 
The loss of mass in forming this nucleus indicates that a large 
amount of energy must be liberated during its formation. If this 
be the ease, the helium nucleus must be such a stable structure that 
he combined energy of four or five of the swiftest a particles woul 


be necessary to effect its disruption. Such a deduction is supported 


by our failure to observe any evidence of disintegration of the swift 


DY 


narticle itself, whether it is used to bombard matter or whether the 


a particle is used to bombard other helium atoms. 

On these views, we should anticipate that the nucleus of radium 

f atomic number 88 and atomic weight 226 contains in all 226 pro 
tons of mass 1. and 138 electrons. While this gives us the numerical 
relation between the two fundamental units, we have, at present, no 
definite information of their arrangement in the minute nuclear 
volume nor of the nature and magnitude of the forees thaf hold 
them together. We should anticipate that many of the protons and 
electrons unite to form secondary units, e.g., helium nuclei, and 
that the detailed structure of the nucleus may be very different 
from that to be expected if it consists of a conglomeration of free 
protons and electrons. 

It is thus of great importance to obtain definite evidence of the 
nature and arrangement of the components of the nucleus and of 
the forces that hold them in equilibrium. We shall now consider 
some of the lines of evidence which throw light on the actual dimen- 
sions of the nucleus and the law of force operative in its neighbor- 
hood ; the structure and modes of vibration of the nucleus together 
with the effects observed when some light nuclei are disintegrated 
by bombardment with particles. 


DIMENSIONS OF THE NUCLEI AND THE LAW OF FORCE 


The conception of the nucleus atom had its origin in 1911 in 
order to explain the scattering of an a particle through a large 
angle as the result of a single collision. The observation that the 
a particle is in some cases deflected through more than a right angle 
as the result of an encounter with a single atom first brought to light 
the intense forces that exist close to the nucleus. Geiger and Mars 
den showed that the number of particles scattered through different 
angles was in close accord with the simple theory which supposed 
that, for the distance involved, the a particle and nucleus behaved 
like charged points repelling each other according to the law of the 
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inverse square. The accuracy of this law has been indep, 
verified by Chadwick, so that we are now certain that in a 
close to the nucleus the ordinary laws of force are valid. 

These scattering experiments also gave us the first idea as { 
probable dimensions of the nuclei of heavy atoms, for it 
anticipated that the law of the inverse square must break 
the a particle approaches closely to, or actually enters the 1 
structure. This variation in the law of force would show 
a difference between the observed and ecaleulated numbers o! 
ticles seattered through large angles. Geiger and Marsder 
ever, observed no certain variation even when the a part 
range about 4 ems were scattered through 100° by a gold nu 
In such an encounter, the closest distance of approach of t 
ticle to the center of the nucleus is about 5 x 10° em, so 
would appear that the radius of the gold nucleus, assumed 
ical, could not be much greater than this value. 

There is another argument, based on radioactive data, 
gives a similar value for the dimensions of the radius of 
atom. The a particle escaping from the nucleus increases in 
as it passes through the repulsive field of the nucleus. T 
minimum limit, suppose the a particle from uranium gains 
energy from the electrostatic field. It can be calculated o1 
data that the radius of the uranium nucleus can not be | 
6x 10% cm. This is based on the assumption that the fore 
side the nucleus are repulsive and purely electrostatic. If, a 
not unlikely, there also exists close to the nucleus strong attr 
forces, varying more rapidly than an inverse square law, th: 
dimensions may be less than the value calculated above. 

At this stage of our knowledge, it is of great importa 
test whether the law of force breaks down for tlie distance of 
approach of an a particle to a nucleus. This can be done b 
paring the observed with the calculated number of a particles 
tered through angles of nearly 180°. It seems almost certain 1 
the inverse square law must break down when swift a partic 
used. This can be seen from the following simple argument 
an a particle, of the same speed as that ejected during the t: 
formation of uranium, is fired directly at the uranium nu 
it must penetrate into the nuclear structure. If a still sw 
a particle is used, e.g., that from radium C, which has about t) 
the energy of the uranium a particle, it is clear that it must 
trate still more deeply into the nuclear structure. This is | 
on the assumption that the field due to a nucleus is approxin 
symmetrical in all directions. If this is not true, it may hap) 


y 
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shat only a fraction of the head-on collisions may be effective in 


nenetrating the nucleus. It is hoped soon to attack this difficult 


problem experimentally. 

~ We have so far dealt with collisions of an a particle with a heavy 
atom. We know, however, from the results of Rutherford, Chad- 
wick and Bieler that in a collision of an a particle with the lightest 
atom, hydrogen, the law of the inverse square breaks down en- 
tirely when swift particles are used. Not only are the numbers of 
Hi nuclei set in swift motion much greater than is to be expected 
in the simple-point nucleus theory, but the change of number with 
the velocity of the a particle varies in the opposite way from the 
simple theory. Such wide departures between theory and experi- 


ry 


ment are only explicable if we assume either that the nuclei have 
sensible dimensions or that the inverse square law of repulsion en- 
tirely breaks down in such close collisions. If we suppose the com- 
plexity in structure and in laws of force is to be ascribed to the 
a particle rather than to the hydrogen nucleus, Chadwick and 
Bieler, as the result of a careful series of experiments, concluded 
that the a particle behaved as if it were a perfectly elastic body, 
spheroidal in shape with its minor axis at 4 x 10°** ems in the 
direction of motion and major axis 8 x 10° ems. Outside this 
spheroidal region, the forces fell off according to the ordinary in- 
verse square law, but inside this region the forces increased so 
rapidly that a particle was reflected from it as from a perfectly 
elastic body. No doubt such a conception is somewhat artificial, 
but it does serve to bring out the essential points involved in the 
collision, viz., that when the nuclei approach within a certain criti- 
eal distance of each other, forces come into play which vary more 
rapidly than the inverse square. It is difficult to ascribe this break- 
down of the law of force merely to the finite size or complexity of 
the nuclear structure or to its distortion, but the results rather point 
to the presence of new and unexpected forces which come into play 
at such small distances. This view has been confirmed by some 
recent experiments of Bieler in the Cavendish Laboratory in which 
he has made, by scattering methods, a detailed examination of the 
law of force in the neighborhood of a light nucleus like that of 
aluminum. For this purpose he compared the relative number of 
a particles scattered within the same angular limit from aluminum 
and from gold. For the range of angles employed, viz., up to 100 

it is assumed that the scattering of gold follows the inverse square 
law. He found that the ratio of the scattering in aluminum com- 
pared with that in gold depended on the velocity of the a particle. 
For example, for an a particle of 3.4 em range, the theoretical ratio 
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was obtained for angles of deflection below 40° but was ab: 
cent. lower for an average angle of deflection of 80°. On th, 
hand, for swifter particles of range 6.6 ems, a departure fro) 
theoretical ratio was much more marked and amounted t 
cent. for an angle of 80°. In order to account for these 
he supposes that close to the aluminum nucleus, an attractiv: 


is superimposed on the ordinary repulsive forces. The 


agreed best with the assumption that the attractive fore 

according to the inverse fourth power of the distance and t! 
forces of attraction and repulsion balanced at about 3.4 e 1 
from the nuclear center. Inside this critical radius, the for 
entirely attractive; outside it they are repulsive. 

While we need not lay too much stress on the accuracy 
actual value obtained or of the law of attractive force, 
probably not be far in error in supposing the radius of the al 
num nucleus is not greater than 4 x 10° em. It is of ints 
note that the forces between an a particle and a hydrogen 1 
were found to vary rapidly at about the same distance. 

It thus seems clear that the dimensions of the nuclei of 
atoms are small, and almost unexpectedly small, in the eas 
aluminum, when we remember that 27 protons and 14 electrons 
concentrated in such a minute region. The view that the 
between nuclei change from repulsion to attraction when th 
very close together seems very probable, for otherwise it is ex 
ingly difficult to understand why a heavy nucleus with a larg 
cess of positive charge can hold together in such a confined 1 
We shall see that the evidence from various other directions 
ports such a conception, but it is very unlikely that the attract 
forces close to a complex nucleus can be expressed by any sil 
power law. 


RADIOACTIVE EVIDENCE 


A study of the long series of transformations which oceu: 
uranium and thorium provides us with a wealth of informatio. 
the modes disintegration of atoms, but unfortunately our theori 
of nuclear structure are not sufficiently advanced to interpret thes 
data with any detail. The expulsion of high speed a and 6 part 
from the radioactive nucleus gives us some idea of the power 
forces resident in the nucleus, for it can be estimated that th: 
ergy of emission of the @ particle is in some cases greater that 
energy that would be acquired if the particle fell freely betw 
two points differing in potential by about four million volts. 
energies of the B and y rays are on a similar scale of magnitud 

Notwithstanding our detailed knowledge of the successive 
formation of the radio elements, we have not so far been able ' 





+poy 
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obtain any definite idea of their nuclear structure, while the cause 
of the disintegration is still a complete figure. In comparing the 
uranium, thorium and actinium series of transformations, one can 
not fail to be struck by the many points of similarity in their modes 
of disintegration. Not only are the radiations similar in type and 
in energy but, in all cases, the end product is believed to be an 
isotope of lead. This remarkable similarity in the modes of trans- 
formation is especially exemplified in the case of the ‘‘C’’ bodies, 
each of which is known to break up in at least two distinct ways, 
giving rise to branch products. For example, thorium C emits two 
types of a rays, 65 per cent. of range 8.6 ems, and 35 per cent. of 
range 4.8 ems, and in addition some B rays. 

In order to explain these results, it has been suggested that a 
fraction of the atoms of thorium C break up first with the expul- 
sion of an a particle and the resulting product then emits a 6 par- 
ticle. The other fraction breaks up in a reverse way, first expelling 
a6 particle, while the subsequent product emits an a particle. Sim- 
ilar dual changes occur in radium C and actinium C, although the 
relative number of atoms in each branch varies widely for the dif- 
ferent elements. 

This remarkable similarity between the ‘‘C’’ bodies is still 
further emphasized by the recent discovery of Bates and Rogers 
that both radium C and thorium C give rise in small numbers to 
other groups of a particles, some of them moving at very high 
speeds. 

It has often been a matter of remark that the radioactive prop- 
erties of the ‘‘C’’ bodies seem to depend more on the atomic num- 
ber, 7.e., the nuclear charge, than on the atomic weight. Confining 
our attention to radium C and thorium C, which are best known, 
both have a nuclear charge 83, but the atomic mass of radium C is 
214 and of thorium C 212. The nucleus of radium C thus contains 
two protons and two electrons more than that of thorium C. If it 
were supposed that the nuclei of these elements consisted of a large 
number of charged units in ceaseless and irregular motion, it is to 
be anticipated that the addition of the protons and electrons to the 
complex structure would entirely alter the nuclear arrangement 
and consequently its stability and mode of transformation. On the 
other hand, we find that the modes of transformation of these two 
nuclei have striking and unexpected points of resemblance which 
are in entire disaccord with such a supposition. We can, however, 
suggest a possible explanation of this anomaly by supposing that 
the a and B particles which are liberated from these elements are 
not built deep into the nuclear strneture but exist as satellites of a 
central core which is common to both elements. These satellites, if 
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in motion, may be held in equilibrium by the attractive forces a) 
ing from the core and these forces would be the same for both , 
ments. On this view the manifestations of radioactivity ar; 
be ascribed, not to the main core, but to the satellite distribu: 
which must be somewhat different for the two elements, althou; 
possibly showing many points of similarity. It must be admitted 
that a theory of this kind is highly speculative, but it does proy 

a useful working hypothesis, not only to account for the simila) 
of the modes of transformation of the two elements but also im; 
diately suggests a possible explanation of the liberation of a num] 
of « particles of different ranges from the same element. There » 
two ways of regarding this question. We may in the first place su 
pose that a certain amount of surplus energy has to be liberated 
the disintegration and that this energy may be given to any on 

a number of satellites. There will be a certain probability that an) 
particular particle will be given this energy and on this will deper 
the relative number of particles in the different a ray groups. 1 
ultimate energy of ejection of an a particle will depend on its pos 
tion in the field of force surrounding the inner core at the moment 
of its liberation. On the other hand, we may suppose that the sa 

a particle is always ejected, but that the particle may occupy in 
atom one of a number of ‘‘stationary’’ positions analogous to t] 
‘stationary states’’ of the electrons in Bohr’s theory of the out: 
atom. This rests on the assumption that all the atoms will not 
identical in satellite structure, but there will be a number oi 
sible ‘‘excited’’ states of the atom as a consequence of the previous 
disintegrations. This satellite theory is useful in another conn 
tion. It has been suggested that possibly the high frequency y rays 
from a radioactive atom may arise not from the movement of t! 
electrons as ordinarily supposed, but from the transfer of particles 
from one level to another. In such a case, the difference in ener- 
gies between the various groups of a particles from radium C and 
should be connected by the quantum relation with the 


’ 


thorium C 
frequencies of prominent y rays. The evidence at present availabl: 
is not definite enough to give a final decision on this problem but 
points to the need of very accurate measurements of the energies of 
the various groups of a particles. On account of the relativel) 
small number of particles in some of the groups, this is difficult o! 
accomplishment. 

In considering the satellite theory in connection with the radio- 
active bodies, it is at first sight natural to suppose, since the end 
product of both the radium and thorium series is an isotope of lead, 
that one of the isotopes of lead forms the central core. It may, how- 
ever, well be that the radioactive processes cease when there are 
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still a number of satellites remaining. If this be so, the core may be 
of smaller nuclear charge and mass than that of lead. From some 


eonsiderations, described later, this core may correspond to an ele 
ment near platinum of number 77 and mass 192. 


FREQUENCY OF VIBRATION OF THE NUCLEUS 

One of the most interesting and important methods of throwing 
light on nuclear structure is the study of the very penetrating 
y rays expelled by some radioactive bodies. The y rays are identical 
in nature with X-rays, but the most penetrating type of rays con- 
sists of waves of much higher frequency than can be produced in 
an ordinary X-ray tube. The work of the last few years has indi- 
eated very clearly that the major part of the radiation from bodies, 
like radium B and C, originates in the nucleus. A determination 
of the frequencies of the y rays thus gives us direct information on 
the modes of vibration of parts of the nuclear structure. The fre- 
quency of some of the softer y rays excited by radium B and 
radium C were measured by the crystal method by Rutherford and 
Andrade, but it is difficult, if not impossible, by this method to de- 
termine the frequencies of the very penetrating rays. Fortunately, 
due largely to the work of Ellis and Fraulein Meitner, a new and 
powerful method has been devised for this purpose. It is well 
known that the 6 rays from radium B and radium C give a veritable 
spectrum in a magnetic field showing the presence of a number of 
groups of B rays each expelled with a definite speed. It is clear 
that each of the groups of 6 rays arises from conversion of the en- 
ergy of a Y ray of definite frequency into a 6 ray in one or other of 
the electronic levels in the outer atom. The energy @ required to 
move an electron from one of these levels to the outside of the atom 
is known from a study of X-ray absorption spectra. The frequency 
y of the Y ray is thus given by the quantum relation hv = E -+- o, 
where E is the measured energy of the 6 particle. 

Since each Y ray may be converted in any one of the known elec- 
tronic levels in the outer atom, a single y ray is responsible for the 
appearance of a number of groups of 6 rays, corresponding to con- 
version in the K, L, M, ete., levels. In this way, an analysis of the 
8 ray spectrum allows us to fix the frequency of the more intense 
Y rays which are emitted from the nucleus. The energy of the 
shortest wave measured in this way by Ellis corresponds to more 
than two million volts, while other evidence shows that probably 
still shorter waves are emitted in small quantity from radium C. 

Ellis and Skinner have shown that the energies of these rays 
show certain combination differences, such as are so characteristic 
of the energies of the X-rays arising from the outer electrons. A 
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series of energy levels may thus be postulated in the nucley 
lar in character to the electron levels of the outer atom and ; 
Y rays have their origin in the fall, either of an electron or ; 
a particle between these levels. This is a significant and impor 
result indicating that the quantum dynamics can be applied { 
nucleus as well as to the outer electronic structure. 

The probability of levels in the nuclear structure is most 
seen on the satellite hypothesis, but in our ignorance of the |; 
force near the core, we are at the moment unable to appl: 
quantum dynamics directly to the problem. The outlook for furt] 
advances in this direction is hopeful, but is intimately connect 
with further development of our knowledge of the laws of 
that come into play close to the nucleus in the region oceupi 
the satellites. 

ARTIFICIAL DISINTEGRATION OF ELEMENTS 

We have seen that it is believed that the nuclei of all atoms 
composed of protons and electrons and that the number of ea 
these units in any nucleus can be deduced from its mass and n 
charge. It is, however, at first sight rather surprising that no « 
dence of the individual existence of protons in a nucleus is obt 


from a study of the transformations of the radioactive element 
where the processes occurring must be supposed to be of a very 


damental character. As far as our observations have gone elect: 
and helium nuclei but no protons are ejected during the long se: 
of transformations of uranium, thorium and actinium. One of 1 
most obvious methods for determining the structure of a nucleus is 
to find a method of disintegrating it into its component parts. 1 

is done spontaneously for us by nature to a limited extent in 
ease of the heavy radioactive elements, but evidence of this ¢! 
acter is not available in the case of the ordinaryelements. As t! 
swift a particle from the radioactive bodies is, by far, the most e1 
getic projectile known to us, it seemed from the first possibl 
occasionally the nucleus of a light atom might be disintegrated 
the result of a close collision with an a particle. On account 
the minute size of the nucleus, it is to be anticipated that the chance 
of a direct hit would be very small and that consequently the disi 
tegration effects, if any, would be observed only on a very minut 
seale. During the last few years, Dr. Chadwick and I have obtained 
definite evidence that hydrogen nuclei or protons can be removi 
by bombardment of a particles from the elements boron, nitroge! 
fluorine, sodium, aluminum and phosphorus. In these experiments 
the presence of H nuclei is detected by the scintillation method, anc 
their maximum velocity of ejection can be estimated from the thic! 
ness of matter which can be penetrated by these particles. 
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number of H nuclei ejected even in the most favorable case is rela- 
tively very small compared with the number of bombarding a par- 
ticles, viz., about one in a million. 

In these experiments the material subject to bombardment was 
placed immediately in front of the source of a particles and obser- 
vations on the ejected particles were made on a zine sulphide sereen 
placed in a direct line a few centimeters away. Using radium C as 
a source of a rays, the ranges of penetration expressed in terms ot 
centimeters of air were in all these cases greater than the range of 
free nuclei (30 ems in air) set in motion in hydrogen by the a par 
ticles. By inserting absorbing screens of 30 ems air equivalent in 
front of the zine sulphide screen the results were quite independent 
of the presence of either free or combined hydrogen as an impurity 
in the bombarded materials. Some of the lighter elements were ex- 
amined for absorptions less than this but, in general, the number ot 
H particles due to hydrogen contamination of the source and the 
materials was so large that no confidence could be placed in the 
results. 

In such experiments many scintillations can be observed, but it is 
very difficult to decide whether these can be ascribed in part to an 
actual disintegration of the material under examination. The pres- 
ence of long range particles of the a ray type from the source of 
radium C still further complicates the question, since in general the 
number of such particles is large compared with the disintegration 
effect we usually observe. 

To overcome these difficulties, inherent in the direct method of 
observation, Dr. Chadwick and I have devised a simple method by 
which we can observe with certainty the disintegration of an ele 
ment when the ejected particles have a range of only 7 ems in air. 
This method is based on the assumption, verified in our previous 
experiments, that the disintegration particles are emitted in all 
directions relative to the incident rays. A powerful beam of a rays 
falls on the material to be examined and the liberated particles are 
observed at an average angle of 90° to the direction of the incident 
a particles. By means of screens it is arranged that no a particles 
ean fall directly on the zine sulphide screen. 

This method has many advantages. We can now detect par- 
ticles of range more than 7 cms, with the same certainty as particles 
of range above 30 ems, in our previous experiments, for the pres- 
ence of hydrogen in the bombarded material has no effect. This 
can be shown at once by bombarding a screen of paraffin wax, when 
On account 


no particles are observed on the zine sulphide screen. 
of the very great reduction in number of H nuclei or a particles 
by seattering through 90°, the results are quite independent of 
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H nuclei from the source or of the long range a particles. 
latter are just detectable under our experimental conditions y 
a heavy element like gold is used as scattering material, but 


inappreciable for the lighter elements. 

A slight modification of the arrangement enables us to exay 
gases as well as solids. 

Working in this way we have found that in addition to t] 
ments boron, nitrogen, fluorine, sodium, aluminum and phosp! 
which give H particles of maximum range in the forward dir 
between 40 and 90 ems, the following give particles of range al 
7 ems, neon, magnesium, silicon, sulphur, chlorine, argon 
potassium. The numbers of the particles emitted from these 
ments are small compared with the number from aluminum w 
the same conditions, varying between one third and one twenti 
The ranges of the particles have not been determined with accur 
Neon appears to give the shortest range, about 16 em, under « 
conditions, the ranges of the others lying between 18 em and 30 e 
By the kindness of Dr.. Rosenhain we were able to make expe 
ments with a sheet of metallic beryllium. This gave a small ¢ 
about one thirtieth of that of aluminum, but we are not yet cert 
that it may not be due to the presence of a small quantity of flu 
as an impurity. The other light elements, hydrogen, helium, 
ium, carbon and oxygen, give no detectable effect beyond 7 em 
is of interest to note that while carbon and oxygen give no effect 
sulphur, also probably a ‘‘pure’’ element of mass 4n, gives an eff 
of nearly one third that of aluminum. This shows clearly that t! 
sulphur nucleus is not built up solely of helium nuclei, a con 
sion also suggested by its atomic weight of 32.07. 

We have made a preliminary examination of the elements fro! 
calcium to iron, but with no definite results, owing to the difficult) 
of obtaining these elements free from any of the ‘‘active’’ elements, 
in particular, nitrogen. For example, while a piece of electrolytic 
iron gave no particles beyond 7 ems, a piece of Swedish iron gave a 
large effect which was undoubtedly due to the presence of nitrogen, 
for after prolonged heating in vacuo the greater part disappeared 
Similar results were experienced with the other elements in this 
region. 

We have observed no effects from the following elements: nickel, 
copper, zinc, selenium, krypton, molybdenum, palladium, silver, tin, 
xenon, gold and uranium. The krypton and xenon were kindly lent 
by Dr. Aston. 


} 
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EXAMINATION OF Light ELEMENTS FoR PARTICLES OF RANGE LESS 
THAN 3 CMS OF AIR 

When a particles are scattered from light elements, the simple 
theory shows that the velocity of the scattered particles depends 
on the angle of scattering. For example, using bombarding a par- 
ticles of range 7 ems, the range of the a particles scattered through 
more than 90° can not be greater than 1.0 ems for lithium (7), 2.0 
ems for beryllium, (10), 2.5 ems for carbon, 3.2 ems for oxygen, 4.3 
ems for aluminum and 6.8 ems for gold. 

Provided we introduce sufficient thickness of absorber to stop 
the a particles scattered through 90°, we can examine for disinte- 
grated particles from carbon, for example, whose range exceeds 2.5 
ems. Certain difficulties arise in this type of experiment which are 
absent when the thickness of absorber is greater than 7 ems; any 
heavy elements present as an impurity will give scattered a par- 
ticles of range greater than those from carbon and thus complicate 
the observations. In addition, serious troubles may arise due to 
the volatilization or escape of active matter from the source. This 
is especially marked if the vessel containing the radioactive source 
is exhausted. To overcome this difficulty, we have found it desir- 
able to cover the source with a thin layer of celluloid of 2 or 3 mm 
stopping power for a rays. By this procedure, we have been able 
to avoid serious contamination and to examine the lighter elements 
by this method. We have been unable to detect any appreciable 
number of particles from lithium or carbon for ranges greater than 
3 ems. If carbon shows any effect at all, it is certainly less than 
one tenth of the number from aluminum under the same conditions. 
This is in entire disagreement with the work of Kirsch and Patter- 
son (Nature, April 26, 1924), who found evidence of a large num- 
ber of particles from carbon of range 6 ems. A slight effect was 
observed in beryllium in accordance with our other experiments. No 
effect was noted in oxygen gas. Apart from beryllium, no certain 
effect has been noted for elements lighter than boron. 

Under the conditions of our experiment, it seems clear that neither 
H nuclei nor other particles of range greater than 3 ems can be lib- 
erated in appreciable numbers from these elements in a direction 
at right angles to the bombarding a rays. This is, in a sense, a dis 


appointing result, for, unless these elements are very firmly bound 
structures, it was to be anticipated that an a particle bombardment 
would receive them into their constituent particles. 

We hope to examine this whole question still more thoroughly, 
as it is a matter of great importance to the theory of nuclear con- 
stitution to be certain whether or not the light elements can be dis- 
charged by swift a particles. 
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In considering the results of our new and old observations, som 
points of striking interest emerge. In the first place, all the , 
ments from fluorine to potassium, inclusive, suffer disintegrat} 
under a ray bombardment. As far as our observations have o 
there seems little doubt that the particles ejected from all thes: 
ments are H nuclei. The odd elements B, N, Fl, Wa, Al, P, al! o7 
long range particles varying in range from 40 ems to 90 ems i) 
forward direction; the even elements C, O, Ne, Mg, Si, S, eit 
give few or none at all, as in the case of C and O, or give part 
of much less range than the adjacent odd-numbered elements. 1 
difference between the range of even—odd elements becomes mu 
less marked for elements heavier than phosphorus. 

This obvious difference in velocity of expulsion of the H nu 
from even and odd elements is a matter of great interest. Su 
distinction can be paralleled by other observations of an enti! 
different character. Harkins has shown that elements of e\ 
atomic number are much more abundant in the earth’s erust 
elements of odd atomic number. In his study of isotopes, Ast 
has shown that in general odd-numbered elements have only 
isotopes differing in mass by two units, while even-numbere 
ments in some cases contain a large number of isotopes. This 
markable distinction between even and odd elements can not | 
excite a lively curiosity, but we can at present only speculat: 
its underlying cause. 


VELociTy oF EscarPe or HyproGeEN NUCLEI 


We have seen that the experiments of Bieler on the scatte1 
of X-rays by aluminum and magnesium indicate that a powe1 
attractive force comes into play very close to the nuclei of t! 
atoms. If this be the case, the forces of attraction and repuls 
must balance at a certain distance from the nucleus. Outside t 
critical point the forces on a positively charged body are entir 
repulsive. Certain important consequences follow from this g 
eral view of nuclear forces. Suppose, for example, that, due to 
collision with a swift a particle, a hydrogen nucleus is liberat 
from the nuclear structure. After passing across the critical sur 
face, it will acquire energy in passing through the repulsive fi 
It is clear, on this view, that the energy of a charged particle a 
escape from the atom can not be less than the energy acquired 
the repulsive field; consequently we should expect to find evide1 
that there is a minimum velocity of escape of a disintegration 
ticle. We have obtained definite evidence of such an effect bot 
aluminum and sulphur by examining the absorption of H nu 
from these elements. The number o* scintillations for a thin fi 


y 
} 
1 
| 





THE CENTENARY OF FRANKLIN INSTITUTE 
was found to be nearly constant for absorption between 7 and 12 
ems, but falls off rapidly for greater thickness. This is exactly 
what is to be expected on the views outlined. No doubt the limiting 
velocity varies somewhat for the different elements, but a large 
amount of experiment will be required to fix this limit with ac- 
curacy. From these results, it is possible to form a rough estimate 
of the potential of the field at the critical surface and this comes 
out to be about three million volts for aluminum. The value for 
ilphur is somewhat greater. This brings out in a striking way the 


SUL 


extraordinary smallness of the nuclei of these elements, for it can 
be caleulated that the critical surface can not be distant more than 
6 < 10° em from the center of the nucleus. These deductions of 
the critical distance are in excellent accord with those made by 
Bieler from observations of the scattering of a particles. 

Another important consequence follows. It is clear that an 
a particle fired at the nucleus will not be able to cross this critical 
surface and thus be in a position to produce disintegration, unless 
its velocity exceeds that corresponding to the critical potential. In 
an experiment made a few years ago, we found that the number of 
H nuclei liberated from aluminum fell off rapidly with diminution 
of the velocity of the a particle and was too small in number to de- 
tect when the range of the a particle was less than 4.9 ems. This 
corresponds to the energy of an a particle falling between about 
three million volts—a value in good accord with that calculated 
from the escape of H nuclei. 

Further experiments are required with other elements to test if 
this relation between the minimum velocity of H nuclei and the 
minimum velocity of the a particle to produce disintegration, holds 
generally; but the results as far as they go are certainly very sug- 
gestive. 

It is of interest to note that these results afford a definite proof 


of the nuclear conception of the atom and give us some hope that 
we may determine the magnitude of the critical potential for a num- 
ber of the light elements. 


EVOLUTION OF NUCLEI 

In concluding, I would like to make a few remarks of a more 
speculative character dealing with the fundamental problem of the 
origin and evolution of the elements from the two fundamenta! 
building units, the positive and negative electrons. It must be con- 
fessed that there is little information to guide us with the exception 
of our knowledge of the nuclear charges and masses of the various 
species of elements which survive to-day. It has always been a 
matter of great difficulty to imagine how the more complex nuclei 
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can be built up by the successive additions of protons and e! 
since the proton must be endowed with a very high spe 
proach closely to the charged nucleus. I have already disey 
this paper the evidence that powerful attractive forces vary 
rapidly with the distance are present close to the nuclear stry 
and it seems probable that these forces must ultimately be a 
to the constituent proton. In such a case, it may be possib|; 
electron and proton to form a very close combination, or new 
as I have termed it. The probable distance between the cent 
this doublet is of the order of 3 10° ems. The forces bet 
the two neutrons would be very small except for distanc 
proach of this order of magnitude, and it is probable that t 
trons would collect together in much the same fashion as a n 
of small movable magnets would tend to form a coherent 
held together by their mutual forces. 

In considering the origin of the elements, we may for sim; 
suppose a large diffused mass of hydrogen which is gradually 


by its gravitational condensation. At high temperatures, 
would consist mainly of free hydrogen nuclei and electro: 
some of these would in course of time combine to form n 
emitting energy in the process. These neutrons would col! 
gether in nuclear masses of all kinds of complexity. Now th 
dency of the groups of neutrons would be to form mor 


nuclear combinations, such as helium nuclei of mass four, and 
sibly intermediate stages of masses two and three. Energy 

be emitted in these processes probably in the form of swift su 
electrons which were not necessary for the stability of the syst 
In a sense, all these nuclear masses would be radioactive, but s 
of them in their transformation may reach a stable configurat 
which would represent the nucleus of one of our surviving element 
If we suppose that nuclear masses over a wide range of mass can | 
formed before serious transformation occurs, it is easy to se 
every possible type of stable element will gradually emerge. Ii \ 
take the helium nucleus as a combining unit which emits in its | 
mation the greatest amount of energy we should ultimately ex; 
many of the neutrons in a heavy nucleus to form helium nu 
These helium nuclei would tend to collect together and form defi! 
systems and it seems not unlikely that they will group thems 
into orderly structures, analogous in some respects to the regu! 
arrangement of atoms to form crystals, but with much smaller « 
tances between the structural units. In such a case, some of t 
elements may consist of a central crystal type of structure 
helium nuclei surrounded by positive and negatively charged sate! 
lites in motion round this central core. Assuming that such order! 
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arrangements of helium nuclei are possible, it is of interest to note 
that the observed relations between atomic charges and atomic mass 
for the elements can be approximately obtained on a very simple 
assumption. Suppose that helium nuclei form a point centered cubic 
attice with an electron at the center of a crystal unit of eight 
helium nuclei. A few of the possible types of grouping are given 
in the following table with corresponding masses and nuclear 
The structure 4. 3. 2. means a rectangular arrangement 


charges. 
with sides eontaining 4.3.2 nuclei, respectively It will thus econ 
tain 24 helium nuclei, have a mass 96, and will contain 6 intra 
nuclear electrons. Its nuclear charge will therefore be 48 6 


Structural arrangement Caleulated 
of helium nuclei nuclear charge 


99 


ou 


192 


While the arrangement is far from perfect for all these struc- 
tures, there is a general accord with observation. If we take the 
view that some of these structures can grow by the addition of 
satellites, there is room for adjustment of masses and to include 
the intervening elements. This point of view is admittedly very 


} 
ie 


speculative, and there may well be other types of structure 
volved. At the same time, the general evidence suggests that there 
are some basal structures on which the heavier atoms are pro 
gressively built up. The failure of the whole number rule for the 
mass of isotopes, observed in some cases by Aston, e.g., between tin 
and xenon, certainly supports such a conception. From a study of 
the artificial disintegration of the elements we have seen that car 


bon and oxygen represent very stable structures probably composed 
of helium nuclei. It is possible that oxygen nuclei, for example, 


ments following ox) 


may be the structural basis of some of the el 
gen, but our information is at present too meager to be at all e 
tain on this point. 
I think, however, it will be clear from this lecture what a d 
but fascinating problem is involved in the structure of nu 
Before we can hope to make much advanee, it is essential to kno 
more of the nature of the forces operative close to protons 
electrons, and we may hope to acquire much information by 
tailed study of the scattering of swift a rays and 6 rays by nuclei. 
Fortunately, there is now a number of distinct lines of attack in 
Vol. XIX.—37 
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this problem, and from a combination of the results obtai; 
may hope to make steady, if not rapid, progress in the solutj 
this, the greatest problem in physics. 


THE CARBON ATOM IN CRYSTALLINE STRUCTURE 
By SIR WILLIAM HENRY BRAGG, K.B.E., M.A., D.Sc., F.RS. 


ROYAL INSTITUTION, LONDON 


Ir is one of the great purposes of research to be able to ex 
the properties of materials in terms of the properties of their } 
The division into parts may be carried to various degrees of 
ness; and the nature of the research, its methods and difficult 
and the expectations of success will depend on the division t] 
attempted. The properties of a piece of steel may to some ext 


be explained in terms of the small visible particles, crystalline or « 


which it is composed; the degree of division is determined b: 
power of the microscope, and results of great value are obt 
within this range. But we may have, as a higher ideal, the ho; 
explaining the qualities of steel in terms of the properties of 
atoms of iron and carbon and other constituent elements. The d 
sion is far finer than the other; but obviously far more com) 
and satisfying. The difficulties are great, but so also will be 
may be sure, the ultimate success. And generally it must be 
aim to explain the properties of all materials in terms of the a 
remarkably limited in kind, of which the world is made. 

Some progress towards the ideal has been made in the e 
the gas and the liquid states; the great effort is yet to be n 
the case of the solid. The moving particles of a gas are free 
each other’s influence for the most part of their time; they can 
heated as projectiles whose rare encounters are but slightly aff 
by the special and peculiar attractions which they exert on 
other when very close together. The properties of gases are t 
certain extent explainable in terms of a pure kinetic theory. ( 
plications arise when from any cause the times during which 
atoms or molecules are under each other’s influence become r 
tively important, and the consequences depend on the individua 
peculiarities. 

So also in the case of liquids much can be explained on a pu 
hydrodynamical theory, especially when the ties between atoms a! 
molecules can be dissolved and reformed continually without wast 
of energy in the form of heat, that is to say, when there are 
viscosity effects. But when viscosity is to be taken account 
then the peculiar and individual actions of the atoms and molecul 
must be treated as effective. Still more, the phenomena of surface 


ral 
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tonsion are direct manifestations of the forces that the atoms exert 


n their neighbors; and so in general are all the effects studied by 


the physical chemist. We are yet very far from being able to un- 


ivel them. 
It is true that the associations and dissolutions of chemical 
ction are due directly to the characteristic forces exerted by the 
ms; and that chemical studies afford a most important means of 
examining them. Nevertheless, we want more than chemistry gives 
us if we are to reach our object. For instance, we are far from 
linking up the properties of quartz with the known chemistry of 
silicon and oxygen. 
In general, we know very little of the relati 
erties of the solid material and of the atoms of which it 
the relation between the molecule and its constituent atoms we di 
ld of 
solid structure is in this respect almost unexplored. The reason 


know something, thanks to chemical study. But the wide fi 


for this is very simple. The properties of the solid depend upon 

e structural arrangement of its component atoms which arrange- 
ment is at the first attempt, as we may say, crystalline. When 
groups of atoms or molecules associate and form a solid, they ar- 
range themselves in a regular pattern; the unit of pattern contain- 
ing only a few groups, usually two, three, four, six or other small 
numbers. The arrangement is so uniform and so exact as to imply 
that the group has a definite and characteristic shape, or, in other 

ords, that the forces which one group, atom or molecule exerts on 
its neighbors are such as to place them at proper distances from 
itself and in proper orientations. The crystal is the direct expres- 
sion of this tendency and is a far more prevalent form of matter 
than we had thought. The large crystals that we see with our 
naked eye, and even the small crystals which the microscope reveals 
to us are only the favorable cases. Below all that we can see in any 
way is a universal tendency to crystallization which the methods of 
X-ray analysis are now showing to us. The solid which appears to 
us to possess none of the properties of the crystal is usually a very 
viscous body or a disordered mass of minute crystals. The crystal 
is the simple body, the so-called isotopic body is the complex. Con- 
sequently, it is the erystal that must first be mastered. 

It is only within the last ten years that the direct study of 
crystal structure has been possible and the way to this huge field 
of inquiry been thrown open. The X-rays, to put it simply, if 
somewhat crudely, are a form of light ten thousand times finer than 
visible light, and we are now able to see, indirectly it may be, the 
actual arrangement of the atoms. Here is our chance of making 
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this supreme analysis. We have before us a wide-spread r 
in the course of which we must examine crystal after erystal 
ing its structure, that is to say, the pattern according t 
constituent atoms are arranged, and examining the way in 
the properties of the individuals determine that pattern a) 
turn the pattern determines the elasticities, rigidities, conduet 
dielectric capacities and every other characteristic which th: 
possesses. After that, follows in its turn the erystal cong! 

the isotropic solid. 

An especial interest is attached to all that we can dise 
the new methods of crystal analysis concerning the natur 
properties of the carbon atom. It is not one of the more « 
elements. While oxygen is calculated to form half the m 
of the earth’s crust, silicon a quarter and aluminum about 
teenth, only about a thousandth is composed of earbon. But 
the carbon atom which more than any other impresses its ¢} 
on the materials of which living bodies are composed. T 
term, organic chemistry, which is given to the subject 
largely occupied with the study of the carbon compounds, is ar 
pression of the importance of the carbon atom in the living or 
ism. And not only is the carbon molecule of supreme imp 
in the constitution of our bodies and of their unconscious 
but also in a great proportion of the external activities in 
we are engaged. We must be especially eager to know w) 
may learn of the behavior of the carbon atom when it takes ] 
the constitution of the solid body, and in the first place 
erystal which is the simplest form of the solid. The only fact 1 
makes us hesitate is the vastness of the number of known eryst 
compounds, giving us a bewildering choice of material on 
to work. 

We come to this study with certain expectations founded on 1 
large labors of the organic chemist and their rich harvest 
sults. We expect the carbon atom to display, for exampl 
definite tetravalency, a power of attracting to itself under cert 
circumstances at least four other atoms and no more, all b 
a similar way to the central carbon; as, for example, wher 
sarbon atom draws to itself four atoms of hydrogen and the met 
molecule is formed. Yet, under other circumstances, the ¢ 


atom seems fairly content with a smaller number, as when 1 
benzene ring each carbon is attached to two other carbons and 


one hydrogen, and the benzene molecule has very little 
attraction for another benzene molecule. Again in the « 


dioxide molecule, the carbon atom is satisfied by the companions 
of two other atoms only, and we should like to know whic! 
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arrangement has been made of its activities to permit the forma- 


tion of this self-contained molecule, so independent that it forms 


And what further change has been made when the molecule 


vas. 
of carbon monoxide is constituted? In other words, what is the 
<planation of the single, double and triple bonds known to the 
chemist? We hope to be able to throw light on all these phenomena 
and the questions to which they give rise by the study of the carbon 

om as it is built into the crystal where we can examine the exact 
nature of its evironment and can relate thereto the properties of 
the erystal. 

There are two crystalline forms composed of carbon alone, dia 
mond and graphite, and we naturally turn to their examination 
first. The diamond structure was, in fact, one of the first to be 
examined by the new methods. Its structure is very simple and 
symmetrical and answers at once our expectation that we should 
find under some circumstances a perfectly tetravalent behavior 
Each carbon atom is surrounded by four others, which are grouped 
about it in perfect symmetry ; the atom shows no attraction for more 
than four. <A sphere can, of course, be surrounded by twelve other 
similar spheres, and if the attraction between any two atoms could 
be represented merely by a central force, we should expect the 
elose packing which gives the full quota of neighbors. Since there 
are only four, the force exerted by one carbon atom on another can 
not be represented by central forces only. Further, the hardness 
and rigidity of the diamond show us that the forces are mutually 
oriented; that they are primarily exerted along four lines drawn 
from the center of a tetrahedron to its corners and that there is a 
strong resistance to any relative change in those directions. All 
these new points are in excellent agreement with known chemical 
facts. The carbon atom is to be represented by a tetrahedron 
rather than a sphere. 

The disposition of the atoms in the diamond shows that they 
may be divided into two classes, any member of one class being 
the reflection of the other—with appropriate shift—in any one of 
three planes which are the cube faces of the crystal. To put this 
in another form, each diagonal of the cube erystal passes through 
the vertex and the middle of the base of each class of atom, but 
members of the two classes face opposite ways. The X-rays detect 
the difference between the two kinds, from which we conclude that 
the scatterers of the X-rays participate in the tetrahedral grouping. 
Yet the difference is only slight, so that if it is the electrons that 
Scatter, they are either close to the center, which seems unlikely, 


or are not closely pinned down to the corners, so that their diffract- 
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ing effect would not be large; their action would be lil: 
broad faint rulings on a diffraction grating. 

The other crystal of pure carbon is graphite. There j 
evidence at present of the existence of any other 
certain curious carbon materials have not been fully ey 
The structure of graphite has recently been reexamined by 
who was able to obtain single crystals of sufficiently perf 


as Hull had supposed from an examination by the lowder 
It consists of layers of carbon atoms, each layer separated 
next by 3.40 AU, as has long been known. In each | 
carbon atoms are arranged in a hexagonal network; the 
certain point as to whether the atoms of one sheet are 
in one plane or are in two planes making a puckered netv 
now to be decided in favor of the former alternative, 
has suggested. In this case, each carbon atom is very 
tied to three neighbors all in one plane; the distance bet 
centers is 144 AU as against 1.54 AU in the diamond 
tance between a carbon atom in one layer and its nearest ni 
in the next is more than twice as great. The curious pr 
of graphite show that the forces between atoms in the sai 
are exceedingly strong, while the forces between sheet and 
are very small. It is clear that the carbon atom is now e: 
its attraction on other atoms in quite a different manner fr 
which was followed in diamond. If the electrons are in some 
responsible for these forces their arrangement must hay 
altered. The atom is no layer tetrahedral. 

The extraordinary success of Bohr’s theory in regard t 
tion is a constant inducement to attempt a correlation betwee 
arrangement of electron orbits with the display of the aton 
although it does not seem possible at present to make m 
vague and preliminary attempts in this direction. According 
Bohr, there are four electron orbits which we may naturally 
ciate with the tetravalency of the atom; but the four are not 
alike, being different, two and two. Thus the tetravalency i 
symmetrical. The radiating carbon atom which is the subj 
the theory is not, however, attached to other atoms, but is 
and we may well suppose that the internal arrangements are 
fied by structural requirements. There may be a real differe: 
implying perhaps a different energy contest between the free 
with its two pairs of outer orbits, the atom in graphite with t! 
like orbits and one odd, and the atom in diamond with all 
alike. The electron of the odd orbit in graphite would natur 
travel far and be loosely attached to the nucleus; and in this, : 


wo + 
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has been suggested by Dr. Shearer and 
the explanation of the color, the opacity 
eraphite. 
We now come to cases in which other 

enter into the structure; and first to calcite 
shows that the carbon atom is now surround 
three atoms of oxygen, all alike. 

The compact group of one carbon and three 

double negative charge; the calcium atom 
sponding amount of positive electricity. It h 


Kossel that the arrangement is governed by the 


oxygen atoms to surround themselves in each case by 


plement of eight electrons, and that this 1s effected by 
ealeium atom of two electrons and the carbon 

this theory there is no parallelism with the 

though in both cases the carbon atom is surrounde: 
coplanar atoms, similarly situated. The carbon atom 

all four of the electrons that were moving in outer orbits 
reduced, in external appearance, to helium. It 

exerting a central electrostatic force due to 

four units. 

It is well known that a vast number of organic substances 
based on a substructure consisting of a ring of six carbon atoms, 
or a chain of carbon atoms of any length. The simplest ring com 
pound is the famous benzene molecule; benzene itself does not, 
however, lend itself very readily to analysis because benzene is 
liquid at ordinary temperature and when frozen does not form good 
erystals. But there are the two substances, naphthalene and an- 
thracene, of which the former has been imagined by the organic 
chemist to consist of a double ring, represented by two hexagons 
in the same plane having one side and two corners in common. 
The latter consists of three hexagons in a line, the naphthalene 
model extended by one more hexagon. Both these substances erys 
tallize well, a very marked characteristic of each being the tendency 
to split into thin flakes. All these molecules are bounded by hydro 
gens as shown in the diagram. They must be considered as simp| 
subjects for attack, because the ring is so common a feature of 
organic substances and the single, double and triple ring forn 
series of comparable members. A curious point of obvious interest 
is the connection of each carbon atom with three, and only three, 
other atoms. Why has the fourth bond apparently disappeared 

The X-ray analysis shows that the unit of pattern of both naph 
thalene and anthracene contains two molecules arranged so that 
their long axes are parallel to one another and that they are the 
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reflection of each other in the single plane of symmetry which ; 
crystal possesses. In fact the crystal can be considered as 
of parallel flakes, like the monomolecular layers of Langmuir 
each flake the molecules stand not quite at right angles to the # 
but leaning over, like wheat in a field blown by the wind 
difference between the anthracene and the naphthalene struct 
lies only in the length of the molecule, which makes the flaky th 
ness of the former greater than that of the latter. Moreover. ; 
actual increase in length which is found by the X-ray m 
ment is exactly what it should be if, in the first place, the on 
cule consists of three benzene rings in a row and the other of 
two, according to chemical theory, and in the second plac 
width of the ring is the same as that of the carbon rine wh 
found everywhere in the diamond structure. We might sup) 
in fact that the molecule of naphthalene as built into the er 
structure was simply carved out of the diamond without alterat 
and then fringed with hydrogen atoms. A similar set of 
carved out of the graphite flake would do equally well so far 
length is concerned, because the graphite layer is, according 
Bernal, the diamond layer pressed flat without any sideways exte1 
sion. But if the carbon atoms were in the supposed graphite . 
dition, it might be expected that naphthalene would be a cond 
and opaque like graphite, which is not the case. The direct anal 
itself is not yet able to say whether the three attachments of 
earbon atom to its neighbors in the same molecule are all on 
plane. It is to be remembered that there are attachments bety 
each molecule and its neighbors in the same layer, but these 1 
be far weaker than the bonds binding together the atoms in 
same molecule; they are stronger, however, than the end to e 
attachments which break on the cleaving of the crystal. 
last must be feeble because the crystal cleaves so easily. 

So far, therefore, the result of the analysis of these crystals 
in the first place to give confidence in the existence of a mut 


support between the established organic chemistry and the 1 
methods of analysis; and to show us also how closely the beha’ 
of the crystal may be connected with its general structure. As | 
details, the indication seems to be that the carbon atom has 


least nearly so—the same characteristics as the atom of the d 
mond; but that one of the four valencies is unused. We |} 
even some grounds for saying that the unused valency, or 
unoccupied corner of the carbon tetrahedron is that which lies o1 
the face of the molecule, not on its edge. The erystal of napht! 
lene tetrachloride, t.e., naphthalene with four added chlorine ator 
shows the same structure as that of naphthalene, and has 
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similar dimensions, except that it has broadened by an amount 
which would correspond closely with the result of adding the chlo- 
rines to the places indicated. 

Measurements have been made of some of the dimensions of 
other crystals containing ring molecules, and the results fit in, as 
far as they go, with the idea that the ring is an actual structure 
of definite dimension and form, slightly altered it may be by addi 
tions or substitutions of other atoms or groups of atoms, or strained 
because it has to be fitted into its place in the crystal, nevertheless 
recognizable in its different circumstances, as the chemist would 
expect. To settle these points more satisfactorily, to turn guesses 
into certainties is, of course, the work that is before us. 

Very interesting results are obtained from the study of th 
long chain molecules of the fatty acids, hydrocarbons and similar 
substances. It appears that when these substances in the solid 


state are pressed onto a flat surface, they form flaky crystals lik 


graphite or naphthalene and it becomes easy to measure the thick 


yess Of the monomolecular layer. The experimental results are 
beautifully definite, and their interpretation can be given with 
great chance of being correct. It seems that the molecule is per 
pendicular to the layer, not slanting. If it were the latter, one 
would expect the amount of slant to be variable so that it would 
not be possible to connect the thickness of the layer with the length 
of the molecule only. Now, it is a remarkable fact that the thick- 
ness of the layer grows at a uniform rate as the chain is increased 
by the addition of carbon atoms and that for very nearly all if not 
all the different kinds of chain molecules that have been examined, 
this rate has one or other of two values. For every two carbon 
atoms that are added the increase in length is either 2.50 AU or 
2.00 AU very nearly. 

If we were to suppose that every carbon atom in the chain had 
four points on it, disposed like the corners of a regular tetrahedron, 
at any one of which an attachment could be made to a neighbor, in 
other words, if we supposed the atom to be as in diamond, then a 
chain of carbon atoms would take one or other of three forms, A, 
B, or C, the last of which is a screw. Putting the distance between 
the center of two carbon atoms equal to the distance found in the 
diamond, viz., 1.54 AU, it can readily be caleulated that the length 
of chain A is 2.50 AU for every two atoms added, and of chain B, 
2.05 AU. The agreement with experiment seems to be more than 
a coincidence ; it is justifiable to assume that in these chains either 
the A or the B form is adopted, and the linkage of carbon atoms 
with their neighbors is on the diamond plan. In other words, if 
PQR is the center of three atoms, the angle PQR is equal to the 





586 THE SCIENTIFIC MONTHLY 


angle between two of the lines joining the center of a tetr 
to the corners. 

One of the most striking results is the fact that 
the main body of the chain is independent of the nature 
additions to its ends or replacement of any of its side hyd 
by an oxygen atom as in the ketones. Even the removal 
or four hydrogens from the body of the chain leaving two « 
connected respectively by a double or a triple bond makes r 
ciable difference in the length. It would not have been 
of surprise if such treatment had caused a bend in the ¢! 
account of the relative shifting of points of attachment 
carbon atom that might be due to other points of attachm: 
unused. The removal of a pair of hydrogens from the chain 1 
no more difference to the chain than the stripping of an 
pair of leaves from the stem of a plant. 

A very curious point in the behavior of the long chains 
apparent doubling in length when one end is formed of a s 
active group, as for example in the case of the fatty acids. W 
this is the case two chains join end to end, the active groups b 
together, and again the result is just the same as if two sticks 1 
joined into one, the process of joining being concerned with not 


beyond the two active ends. This form of structure is illust 


in a very interesting way in the X-ray spectra. If a sect 
made of a substance consisting of layers of these doubled m 

so as to show their stratification, then there will be a uniform 
tribution of diffracting centers—electrons—throughout thé 
with alternating thin layers of excess through the active ends 
thin layers of deficiency through the inactive ends, the. met 
groups. This has the curious effect of intensifying the odd 
of the diffraction spectra. To understand this, it is only nec 
to remember that if we were to make a series of fine rulings 
diffraction grating which exactly interleaved the stronger or 
rulings, the result would be the strengthening of the even or 
such an effect is found in the case of rock salt and was an imp 
help in the determination of its structure. If now the addit 
ld 


rulings, instead of being like the original but weaker, cou 
reversed effect, a deficiency instead of an excess, it would be 
odd, not the every order that would be strengthened. The 
effect is found in the case of the ketones. When the substit 
oxygen is in the middle of the chain, each layer of hydroe 
molecules shows a generally uniform distribution of electrons 
an excess at the middle where the oxygen atom is placed 
deficiency at either end. When the substituted oxygen is n 
the middle the reinforcement of the odd orders disappears. 
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These many observations of the behav 


molecules seem to point to the conclusion 
the chain is, like the carbon atom in the diamo1 


of four points of attachment regularly dispos 
lienosit 
aa t 


the non-use of one does not alter the « 
It is searcely necessary to consider in an\ 
structures like tartarie or succinie acid 
It is enough to say that, whil 
} 


Lit 


rbon atom. 


tion is yet to come, the general indications 


I have thought it might be of interes 


tentative conclusions as to the behavior of 


++ 
ea 


solid body, in spite of the fact that so lit 
xecomplished in the solution of the structure 


What is to be done must have great consequi 
been done already seems to possess many 
‘acts taken together 


f interest, and these two fa 


nas 


. 1 
, ‘ } 
w oft the 


justification for my attempt at a review 


the inquiry. 


ma 


present 
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THE BEST USE OF THE WATERS 
OF THE GREAT LAKES 


By Dr. JOHN F. HAYFORD 


DIRECTOR OF THE COLLEGE OF ENGINEERING, NORTHWESTERN UNIVI 


MAN’s progress is dependent largely upon his development 
good transportation, upon his use of mechanical power and 
his success in conquering disease. 

If the reader has any doubt as to whether man’s progress « 
pends upon transportation let him look at good maps and not: 
evident relation between well-developed lines of water and rail 
transportation and the degree of civilization in the vicinity of t! 
routes. 

The substitution of mechanical power for the muscles of 1 
and beasts is the basis of our modern industrial system in wh 


each man actually turns out four times as much useful product 


as would otherwise be possible.” 
Man’s conquest over germ-borne disease has reopened 
tropics to the conquest of the white man. In the days of 


sanitation cities were the homes of diseases. To-day a man has a 
better chance of long life, thorough physical development and 
dom from disease in the cities than he has in the country. 

We should develop transportation, cheap power and sanitation 
to the best of our ability. The waters of the Great Lakes may | 
made to help greatly in all three of these things. 

Formerly many engineers believed that their help should 
limited to the technical side in supplying transportation, power ar 
sanitation. Now engineers believe that it is a part of their work 
in the world to help in the promotion, the advance work, the educ 
tional work, involved in these three things. I certainly believe 
strongly in that idea. 

There are the Great Lakes. There is a drop of 21 feet betwee 
Lake Superior and Lake Huron, which is mainly in the rapids : 
the Sault locks. Note on the chart the elevations above sea lev 
in feet marked on each of the lakes. Lake Michigan and La 
Huron together form one lake, all at elevation 581 feet above sea 
level. There is a drop of only 8 feet from Lake Huron to Lak 
Erie. There is a drop of 327 feet from Lake Erie to Lake Ontario 
of which but little more than one half is in Niagara Falls. Th 


f 


1‘**The Discovery of Truth in Universities,’ by Walter Dill Scott, p. 
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drop from Lake Ontario to the ocean is 246 feet, which occurs 
mainly in three series of rapids between Lake Ontario and Mon- 
treal as shown here. 

Any plan for the best use of the waters of the Great Lakes 
must be placed upon a consideration of the Chicago Sanitary Dis- 
trict diversion problem, of the depth of water now available and 
that which will be needed later in the harbors of the Great Lakes 
and in channels connecting the Great Lakes, of the development 
of power at Niagara, and of the St. Lawrence project for improv- 
ing navigation and developing more power. 

The problem of securing the best use of the waters of the Great 
Lakes involves directly and strongly the interests of at least 18 
states, where more than one half the population of the United 
States reside. Similarly it involves the interests of Southeastern 
Canada. 

The Great Lakes and their connecting streams furnish the op- 
portunity for the greatest development of inland water navigation 
possible anywhere in the world. In fact the inland navigation 
already developed on the Great Lakes and connecting streams is 
greater than anywhere else in the world. Yet the development of 


inland navigation on the Great Lakes is not nearly up to the pos- 
sibilities. 

More tons of freight pass Detroit in an open season of eight 
months than pass through both the Suez and Panama Canals in 
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three years.?, No set of canal locks anywhere in the world carr 
nearly so much traffic as the locks of Sault Ste. Marie. 

The Great Lakes and connecting streams, including the St. LL 
rence River, are the most thoroughly studied bodies of water i) 
world. For example, careful continuous records of the elevat 
of the water surface of the Great Lakes have been secured 
1860 to date. The Niagara River has been gauged more than 
times. The flow is known within 1 per cent. These unus 
thorough studies enable one to plan improvements with confid 

In order to secure the best use of the waters of the Great L 
for the benefit of man six things should be done: (1) Carry 
the St. Lawrence project; (2) Take out ten thousand cubic fi 


water per second at Chicago, through the Drainage Canal, and 


it well for sanitation purposes; (3) Build dams with movable part 
at Buffalo and in the St. Lawrence River and use them wisel 
regulate the levels of the Great Lakes; (4) Build a submerged d 
at Niagara Falls to prevent the backward travel of the falls a 
the wasting of water where it does no good either for scenic 
poses or for power; (5) Utilize the whole drop of 300 feet fr 
Lake Erie to Lake Ontario for developing water power—as 
as is feasible; (6) Utilize the power opportunities on the St. L 
rence to the full, as rapidly as the market for the power can 
developed. 

What is the St. Lawrence project? What is its present status 
In 1920 under the provisions of a treaty of 1909 between the Unit 
States and Canada, relating to the boundary waters, the Inter 
tional Joint Commission was asked ‘‘to investigate what further 
improvement of the St. Lawrence River between Montreal and Lak: 
Ontario is necessary to make the river navigable for ocean-g 
vessels, together with the estimated cost thereof.’’ 

In 1921 the International Joint Commission, three men fro 
the United States and three from Canada, reported back to 1 
two countries. The main points of their report are as follows: 


(a) That the Governments of the United States and Canada enter 
an arrangement by way of treaty for a scheme of improvement between M 
treal and Lake Ontario. 

(b) That the proposed works between Montreal and Lake Ontario 
based upon the report of the Engineering Board to the International J 
Commission, but that before any final decision is made that the Engine 
ing Board report be referred back to an enlarged Engineering Board 
a further more complete study. This Engineering Board report referred 
certain specific dams and canals with locks for the improvement of navigatior 
and certain power houses for the development of hydro-electric power. 


2See the ‘‘Warren Report on Diversion of Water from the Great Lakes 
and Niagara River,’’ p. 393. 
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That the New Welland Ship Canal now 
n government be embodied in the scheme 
part thereof. 
That such navigation works as 
ure not capable of economic 
tion within one country, be maintained 
ed the International Board, on which eac 
tion, and that such navigation works as 
that « 


At 


to be maintained and operated by 
by the International Board just referred 
(e) That power works be built, installed 
ense of the country in which they are located 
(f) That the cost of the navigation works be 
countries on the basis of the benefits which 
ew waterway; that the ratio of the benefits be det 
juring the period ending five years after the com] 
t the ratio shall be readjusted each five years, | 


ive of each country actually using the waterway during the previous five yea 


rd. 
It is to be noted that this report of the International Joint Com- 


mission is primarily a suggested plan of procedure which should 
be incorporated in a treaty. It is also an approval of the general 


report of the engineering board with the suggestion that before 


actual construction is undertaken there should be further investi- 
gation. 

The New Welland Canal, from Lake Erie to Lake Ontario, 
which is adopted as a part of the St. Lawrence project, is now 
under construction by the Canadian government. The total cost 
will be more than 50 million dollars. It includes locks with a 
depth of thirty feet and a canal with a depth of twenty-five feet 
which can easily be increased to thirty.* 

The new construction on the St. Lawrence as reported by the 
engineering board includes thirty-three miles of canals with the 
necessary locks for navigating past the various rapids in the St. 
Lawrence—two large dams—and all the other miscellaneous con- 
struction necessary for the operation of the dams, locks and canals. 
It also includes the power houses and auxiliaries for developing 
1,400,000 horse power. The navigation works, dams, etc., are to 
be so constructed as to make the ultimate development of an addi- 
tional 2,700,000 horse power possible. It is not, however, pro 
posed to make this expenditure to develop the 2,700,000 immedi- 
ately, because it will take many years, possibly a generation, to 
develop the market for that amount of power. The construction 
is intended to keep step with the development of the market. 

8 Report of International Joint Commission on the St. Lawrence Water- 


way, 1922, p. 24. 
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At present the navigation along the St. Lawrence is lim; 
ships which can be operated in a depth of 14 feet. Whe, 
project as proposed is carried through the depth in all cana] 
be 25 feet and for an additional $17,000,000 it can at any 
increased to 30 feet. A depth of 25 feet will provide for the 
of the ships now carrying freight on the ocean. 

The total cost for the navigation works and the developmer 
1,400,000 horse power will be $250,000,000. The Panama (| 
cost the United States about $400,000,000. As already stated ; 
traffic now passes Detroit in each open season of eight months t! 
goes through the Panama and Suez Canals combined, in three ) 

The Panama Canal was built as a military necessity, to 
our Atlantic and Pacific fleets into one fighting unit. It pa 
few commercial vessels each day from ocean to ocean—about 8 « 
way per day—serving the people of all the world. The Pan 
Canal is abundantly worth while. 

For a much smaller cost—250 instead of 400 million 
get an improved St. Lawrence-Great Lakes channel carrying 
eral times as much ocean traffic as the Panama Canal and h 
power plants for developing 1,400,000 horse power thrown 
The benefits will be concentrated largely on 60 million of the px 
of the United States and Canada. 

1,400,000 horse power at prevailing rates is worth $180,000 
per year.* The total horse power developed at present in 
United States from water is only about 9 million.® This one pr 
would add 1/7 to this total development. 

Electrical power can be transmitted with reasonable econ 
for about 300 miles. The 300 miles radius from the proposed d 
velopment near the Long Sault rapids in the St. Lawrence inclu 
all of New England and all of New York state and a still larger 
area on the Canadian side. 

The present status of the matter is that the enlarged engineer 
ing board for further investigation has been provided for ar 
St. Lawrence Commission has been appointed by President Coolidg 
to meet with a similar commission to be appointed in Canada 

There is no doubt about the feasibility of the project, nor al 
the great benefits to be derived from it. As I understand 


4 1,400,000 horse power = 1,000,000 kilowatts. At 2 cents per kilowatt 
one kilowatt year is worth (2c) (24) (365) — $180 per year and « 
kilowatts is worth $180,000,000. 

5 The Electrical Review, June 5, 1920, p. 940, in an article ent 
velopment of national water river resources,’’ shows that in 1915 th 
Geological Survey estimate was 8,609,000 developed H. P. from water 
U. 8. out of a potential maximum of 63,490,000 H. P. 
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questions to be immediately attacked are what part of the projects 
shall be taken up at once and what is the general plan which 
should be incorporated in the treaty? 

The logic of the facts is so clear that the main question is how 
quickly and how successfully may the people of the United States 
and Canada be made to see the truth and how soon, therefore, will 
they eliminate their differences and get together in this work, 
which is the main part of the greatest opportunity now open for 
benefiting the peoples of the two countries. 

The second of the six things which I stated should be done to 
secure the best use of the waters of the Great Lakes is to take out 
ten thousand cubic feet of water per second at Chicago through the 
drainage canal and use it well for sanitary purposes. 

In the 90’s Chicago secured permission to dig the drainage 
eanal. It constructed the drainage canal in good faith. In so 
doing and in constructing the other works necessary to utilize the 
eanal fully it has spent $100,000,000. It is now taking out of the 
lake nearly 10,000 eubic feet per second and has been doing so for 
years. It is using that water to dilute its sewage and to carry it 
away from Lake Michigan—away from the source from which 
Chicago draws its water supply. In doing so it has lowered the 
levels of Lake Michigan, Lake Huron and Lake Erie nearly half a 
foot, and has thereby caused damage to navigation. An attempt 
is now in progress, and has been for some time, to cut down the 
supply allowed to Chicago to but little more than 4,000 cubic feet 
per second. 

Why should Chicago take out 10,000 cubic feet per second? It 
has made an investment of $100,000,000 in good faith on that basis, 
on the supposition that it will be allowed to continue to take out 
that amount continuously. The size of the drainage canal and the 
whole sewage system in connection with it is based on that assumed 
discharge. 

The population of Chicago has already grown beyond the limit 
at which it is possible to dilute the sewage sufficiently—with 10,000 
eubie feet of water per second—to keep it from being a nuisance 
Some of the sewage, therefore, is now being treated before going 
into the drainage canal. The plans of the sanitary district pro- 
vide for additional treatment plants on a program of construction 
reaching to 1945 which involves the expenditure of about 4 million 
per year (a total of 95 million). If the diversion at Chicago is 
cut below 10,000 cubic feet per second, say to 4,000 eubie feet per 
second, there will be an increase of millions per year in the neces 
sary expenditure for sewage treatment—how many millions has 


never been carefully estimated so far as I know 
Vol. XIX.—38 
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There is, however, a still more urgent reason for keeping 


diversion up to 10,000 eubie feet per second. Even when ] 
cubie feet per second are taken out the current in the € 
River near its mouth reverses about once each year, either b 
of a sudden drop in the lake level—possibly as much as a 
because an excessively heavy rainfall occurs which revers; 
flow. If the diversion is only 4,000 eubie feet per second 
slow current through the drainage canal—the Chicago River 
be reversed on an average seven or eight times per year. At 
time of each reversal there is a probability of the occurren 
typhoid and other intestinal diseases. If there were seven or 
reversals per year of the character that would occur with 
eubie feet per second there is a certainty of occasional typ) 
epidemics even with the best that can be done with dosing of 
water with chlorine. 

It is clear that Chicago should take out 10,000 ecubie feet 
second in order to keep its expenditures for additional sey 
treatment plants within reasonable limits and in order to pre 
the typhoid epidemics which must occur if there are frequent 
versals of the current. 

There may be some doubt as to the legal status of the n 
There can be no reasonable doubt as to the equity. Chicag 
cured in the 90’s what was then believed to be the only permiss 
required. It has constructed and used a one hundred-million d 
lar plant based upon the drainage canal and the use of 10,000 ¢ 
feet per second. It has thereby saved many thousands of li 
There is no adequate substitute available in a reasonable ti: 
the 10,000 eubic feet per second and the drainage canal. T! 
no possibility in any length of time of a substitute which w 
cost much more than these two things. That statement is 
even if Chicago pays for the regulating dams which have been p 
posed, and for which the sanitary district has offered to pay. 

Chicago has lowered Lake Michigan, Lake Huron and La 
Erie by nearly half a foot. The most serious damage to navigat 
thereby produced has been the reduction in depth in the char 
on the St. Clair flats above Detroit. For every tenth of a 
added to the depth there the largest vessels can each carry 
76 additional tons of freight at no extra cost. For the actual fl 
of big ships operating past this point the additional revenue w! 
they could so secure would be about $600,000 per year for e 
tenth of a foot added to the depth.*® For two and one half to « 

6‘*The J. G. Warren Report on Diversion of Water from the Great L: 
and Niagara River,’’ pp. 388-90. 
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million dollars two regulating dams could be built, one at Buffalo 
where the Niagara River leaves Lake Erie and one in the St. Law- 
(as a part of the St. Lawrence project). These dams prop- 


by Chieago’s dive rsion 


erlv operated would restore the depth lost 


10,000 eubie feet per second—and more—would put the lakes 


a higher level during the dry years than they would be in a 


state of nature, and would not put the lake levels above the 


The dam at Buffalo would raise Lake Erie 
water effect would then raise Lake Huron and Lake 
The fall is less than nine feet from Lake Huron to Lake 
and nothing between Lake Michigan and Lake Huron. 
these two regulating dams should be built and operated They 
would bring a benefit to navigation which would be a return over 
and above the cost of operation of 50 per cent. to 100 per cent. 
per year on the investment. The return would be at least three 
millions per year if the average depth over the St. Clair flats were 
increased by a half foot upon an average. 

There is a strong sentiment in favor of preserving Niagara Falls 
as a great scenic asset to the United States. That sentiment is 
good. At present it prevents the use by the United States and 
Canada of much more than about one fourth of the water which 
goes down the Niagara River. Meanwhile Niagara Falls is slowly 
receding—-wearing away. We should apply our sentiment sensibly. 
We should hold to the scenic value. We should prevent the wear- 
ing away and we should develop more power at Niagara. 
value of the power now thrown away for the sake of the scenic value 
amounts to about $1 per minute for each person looking at the falls. 

About one half of the water which now goes over the falls dis- 
appears in the angle of the Canadian falls,’ where it contributes 
but little to the scenic value because it can not be clearly seen, and 
where it does much work in wearing away the falls. At the most 
serious point the edge of the falls is moving back about five feet per 
year. There is little wearing away at any other part of the falls. 
The scenic value at Niagara Falls comes mainly from the thin 
sheets of water running over the edge of the rocks at other places 
than this partially concealed notch—and from the rapidly moving 
water near the shores. We should build a submerged diversion 
dam to protect the notch in the Canadian falls, prevent the reces- 
sion of the falls, divert the water in part to the other portions of 
the falls where it can be seen as it drops over and hold back a large 
amount of water which could then be used in the power plants. 


7 **PDiversion,’’ p. 


— 
275 
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The falls would then be as beautiful, or more so, than the 
now. They would be more permanent, and we could dey: ) 
millions of dollars worth of power per year at Niagara more { 
is now being developed. 

You ordinarily think in connection with Niagara of the dr 
170 feet in the falls and forget that that is only about half o{ 
total drop of 327 feet from Lake Erie to Lake Ontario. Th: 
ent power plants are utilizing only the drop at and near th 
Some of the present power plants are using that part very 
ciently. A Canadian plant is now being built which will use 1 
the whole 300 feet of drop from Chippewa above the falls to L 
Ontario. Something corresponding to this should be done 
the water used for power. This scheme, combined with t] 
the submerged dam and with power plants rebuilt in some e 
secure high efficiency, would multiply the power development 
Niagara by about four. 

The sixth thing that I have suggested is that the addit 
2,700,000 horse power postponed for future development, 
ing to the present St. Lawrence project, should be develop 
rapidly as the market for that power can be secured. 

To summarize, to secure the best use of the waters of the G: 
Lakes for the benefit of man six things should be done: (1) ¢ 
out the St. Lawrence project, (2) take out 10,000 eubie feet 
second at Chicago and use it well for sanitation, (3) build d 
with movable parts at Buffalo and in the St. Lawrence River 
use them wisely to regulate the levels of the Great Lakes, (4) | 
a submerged dam at Niagara Falls to prevent the backward t1 
of the falls and the wasting of the water where it does no g 
either for scenic purposes or for power, (5) utilize the full 
foot drop from Lake Erie to Lake Ontario for developing 
power instead of a half only, (6) utilize the power opportunit 
in the St. Lawrence to the full, as rapidly as the market for p: 
ean be developed. 

Some miscellaneous comments are now in order. A large 
crease in the transportation facilities from the Great Lakes t 
open Atlantic would do much to avoid future railroad congest 
and embargoes. This is important. 

The same additional transportation facilities as it is prop 
to provide by the suggested improvements on the Great Lakes a1 
St. Lawrence could not be secured by additional railroads and r 
road terminals except at a very much higher cost. 


Some ocean-going vessels can not navigate in a channel of 2 
feet of depth. But the ships which carry most of the freight 
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oeean can and would navigate such a channel. The freight of the 
world is not carried in ocean monsters. It is carried in ships of 
moderate size. 

Locks are not a serious impediment to the progress of large ves- 
sels. The locks at the Sault and at Panama are a positive proof 
of this. 

It has been a contention that Chicago should not take 
from Lake Michigan because it reduces the possible power deve 
ment at Niagara. The reader will get a true view of this argu- 
ment, if his sense of humor is in good order, when he considers 


that the diversion at Chicago, 10,000 eubie feet per second, is only 


5 per cent. as large as the ordinary flow at Niagara, over 200,000 


eubie feet per second. 

The chance to use the waters of the Great Lakes in the best 
way for sanitation, navigation and power is the greatest opportu 
nity to do a good service that is now open to the peoples of th 
United States and Canada. There are no serious uncertainties in- 
volved in the plans proposed. The time which elapses from now 
until that best use is made is a measure of the degree of intelligence 
of the American and Canadian peoples—and of the abilities of their 
governments. 

The two nations, Canada and the United States, and the three 
interests, navigation, power and sanitation, should eliminate their 
differences and pull together in this work for the benefit of all. 
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POPULATION AND PROGRESS 


By Professor GEORGE R. DAVIES 
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To appreciate the consequences of the expansion of po; 
it is necessary to develop historical perspective. We may 
the growth of humanity as beginning with small str 
population in the more favored regions of southern A 
Europe. From the plains and river valleys first inhabited, 1 
flowed over into adjacent areas until all the continents we 
pied. In some of the less favored regions populations re: 
quiescent without material increase or decrease. But in th 
favored regions numbers grew rapidly, and poured out in fi 
immigration and conquest over neighboring lands. The str 
the resulting competition and conflict weeded out the inferiors 
promoted ability. This process of growth, expansion and th 
lishment of new levels of capacity has been repeated fron 
historic times to the present. We are in fact to-day in th 
stages of the greatest population expansion that has ever oce 


I. Tue Law or PopunatTion INCREASE 

The increase of population is measured simply by the diffe 
between the birth-rate and death-rate. Leaving out of ace 
the moment the question of migration, we may call attention 1 
forces which for long intervals of time have produced a 1 
balance between the two rates. It is obvious both from th 
experience that a virile population living under continu 
favorable economic conditions will increase at a geometr 
that is, it will double in a definite interval ranging from 2! 
years. The enormous potentialities of such a rate of incr 
not apparent on the surface, and may be emphasized by the f 
ing calculation. If we assume the very low rate required to d 


a population in 100 years, that is, an average family of onl; 


+ 
t 


t 


three surviving normal children, then the six thousand ys 


human history would have been sufficient to give a present p 
tion of more than a billion times that now existing. Obvious! 


natural tendency to increase soon gives a surplus popul 
any favorable land area. When the surplus has become larg 
lower classes are inevitably forced into poverty, even thoug! 


culture may be intelligently managed and the distribution of w 
may be equitable. With poverty come vice and pestilence as 1 
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yral consequences ; and war is indirectly fost: 


Eventually the death-rate approxi: 


ditions. 
hirth-rate and the population becomes relativ 
This is the well-known theory of Malthus, ' 


} ~ 
pers. 


true of earlier nations. Its applicability to pr 





he deferred for later consideration. 
It is important to recognize the social condit 


the increase of numbers and determining the 
ancient nations. Put in economic terms, the 
opulation in a hitherto uncrowded land 


TO rise 


and land values and the cost of living to ri 
nosition of the laborer and small land-owner w: 


rrecTny ine 
rresponaing 


I 


the position of the large property holder was ec 
hanced. To be sure, in earlier times neither wages, products 
land values were measured at all accurately, bu conditi 
parent 


thus described in economic terms were appal 


life was cheap and the possession of good land was 
aristocracies, defending 


Out of such conditions arose land-holding 
their privileges with the sword, or relieving the pent-up energies of 
the nation in attacks upon neighboring peoples. Naturally the out 


come of population pressure can hardly be described in a sing 
phrase, since many circumstances have conspired to modify the 
particular event. Sometimes relief was temporarily found in migra 
tions and trade, sometimes extended class struggles developed, some- 
pires. But what- 


“dl 


privileged orders on the one hand, and a dull and spiritless peasant 


A 


times militaristic aggression built up extensive em 


ever the details, eventually out of the ruck appeared establish 


or slave population on the other. 
We may next briefly examine the conditions obtaining during 


period of population growth. As may readily be seen, such a p 


; 
* by some n 


is initiated by the opening of new territory o1 
Historical 


vance of invention, or by a combination of the two. 
trations are the transition from barbaric to pastoral, and 
toral to agricultural life, or the trade expansion of the 


Greeks, the medieval Italians and the modern English. Such p 


ods have usually brought strong democratizing tendencies. Ni 
methods of production and the growth of trade and cities ] 
raised the status of the masses and offered opportunity 
capable. Hence the latent ability of the repressed lowly has 
its influence felt, and a marked swing toward individualism 

democracy has been experienced. It is perhaps not too much 
say that economic expansion and democracy are causally int 


related. 
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Whenever a rising level of the industrial arts has thus al] 
numbers to increase, it has generally been accompanied or fol! 
by an overflow into neighboring territories through trade, colo) 
tion and conquest. This process is entirely natural, since prog 


brings both power and prestige, and makes backward areas ap; 


by contrast to be sparsely settled. If the difference in cultur 
very great, the higher civilization in its expansion may sweep 
the lower civilization, just as the Indians were driven back b 
the advance of the American frontier. But if the differen 
small, the process may be that of economic penetration, bring 
with it usually a more or less acknowledged political depend 
Under earlier conditions such economic expansion merged with 
militaristic aggressions already referred to, and even in m 
times force has not been entirely absent. 

While the conscience of the modern world has reacted agai: 
the cruder phases of the processes of expansion, it should be « 
served that progress has nevertheless been served thereby. Th 
attended with much waste and injustice, ancient imperialism s 
as that which Roman history recalls was a notable agent in 
extension of civilization. Great areas of barbarism were tur: 
from low production and tribal feuds into advanced production a: 
the reign of law. And even when civilization fell, the incurs 
of barbarian tribes into the centers of a weakening culture br 
infusions of new and virile blood, making possible a renewed 
vance. In spite of the wastes of such conflict, seldom was a ci 
zation lost, while usually it was promoted and extended. 

A bird’s-eye view of the course of history with its short peri 
of advancing prosperity and its long centuries of relative stagnat 
raises the perplexing question why progress has not been more « 
stant. Why has each advancing wave of culture been thrown b 
from its highest point of advance? No easy answer to this quest 
is obtainable. Attention may, of course, be directed to this or 1 
element of weakness in each social system. Sometimes the ruling 
class became simply exploiters rather than administrators. Som: 
times natural resources were exhausted, or changes in climate dimi! 
ished the fertility of the soil. But however unfavorable the enviro1 
ment may have been, the chief defect evidently lay in the deart 
men of ability and energy to cope with it. This defect was 
consequence, so the biologists say, of a reversal of the workings of 
natural selection. Under cruder conditions society grew faster 
the upper ranks, and the younger sons of the virile nobility, recruit 
ing the ranks of the commoners, graded up the general level, w! 
high death-rates weeded out the weaklings. But often in advanced 
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civilization this process has been reversed. The competition for pre- 
ferment, the lure of luxury and the encroachments of vice have 


checked the increase of the more capable elements of the population, 


while the inferior have bred freely. Consequently, it is said, the 
level of ability has been lowered, the discipline of able leadership 
] 


lost and civilization has fallen back to a lower level where natural 


selection was again brought into play. 


II. THe Mopern EXPANSION OF CIVILIZATION 

seginning approximately with the time of Columbus, the modern 
age is an example on a large scale of a dynamic tidal wave of prog 
ress, following in many particulars the precedents of the past. In 
the fourteenth and fifteenth centuries, there was little to indicate 
the vast proportions that this movement has assumed or the direc- 
tion that it would take. Up to that time there had been little real 
advance of civilization since the Roman expansion; and some of the 
principal methods of production in agriculture, textiles and metals 
were but little beyond prehistoric antecedents. What is more, the 
level of European civilization was not materially above that found 
in the much greater areas and populations of Asia. In preceding 
centuries, Europe had with difficulty repelled the repeated attacks 
of the then higher civilization of the Mohammedans and had virtu- 
ally failed in the exhaustive counter-attacks of the Crusades. The 
wealth and culture of the Indies and the Orient were still the mag 
nets to which Europe was attracted. A Marco Polo of that era look- 
ing dispassionately upon the people and resources of the world 
would most likely have considered Asia the permanent center of 
world civilization. With what incredulity would he have greeted a 
prophecy of modern Europe or of the overshadowing New World 
of to-day! Yet it is the unprecedented geographic and cultural 
expansion of the white race that forms the theme of modern history 
and that has moulded the institutions and traditions of the modern 
age. Only recently has the great advance reached its farthermost 
barriers. 

Looked at from the standpoint of territory, the white races have 
expanded from their obscure European position in medieval times 
to a point of world domination. According to Mr. Stoddard’s esti- 
mates, of the fifty-three million square miles of habitable land on the 
globe, forty-seven million are either populated by the white race or 
are under white political control. In fact, about a quarter of the 
earth’s surface and population is comprised within the British Em- 
pire alone. Of the 1,750 million inhabitants of the globe, 650 mil- 
lion, or 37 per cent., are white of European origin, while another 
sixty million, or 4 per cent., are white of non-European origin. 
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The next race in point of numbers is the yellow with 510 mil] 
29 per cent. The brown race comes third with a population of 
million, or 24 per cent.; while the black race comes last with 
lation of 110 million, or about 6 per cent. While Asia on 

of its great size still has a bare majority of the world’s poy 

it has utterly lost its place in respect to culture and progress 

The position gained by the white race is rendered more 
by the immense resources of the new lands which it has ae 
The greatest areas of arable land outside the tropics are E 
North America and southern and eastern Asia. If we 
smaller areas in South America, Africa and Australia, th 
land of the white race will be found to surpass that of the 
and brown races combined by nearly two to one. When 
parison is made in terms of the physical basis of industria 
the contrast is still more striking, since the United States al 
probably half of the world’s coal and iron reserves, together 
immense resources in other minerals. In respect to climat 
the white race possesses a great advantage. The climatic con 
of Europe and the United States are preeminently of the kind 
awakens and sustains human energies. 

And not only has the white race gained a dominant wi 
tion, but its relative power increases from year to year. Pr 
East estimates that the white race of European origin is iner 
on a prewar basis at an average rate of nearly eight million a ) 
which is about 60 per cent. of the total increase of the world’s | 
lation. Its nearest competitor, the yellow race, is increasi1 
only one and one half million a year. To put it another w 
white race is doubling in a period of 58 years, while the yel 
at its present rate of increase requires 232 years to doub 
black race is increasing a little faster than the yellow, but 
bers are relatively so small that its growth is insignificant. 
to the ascendancy of territory and numbers, the white ra 
acquired such an enormous lead in scientific and industrial d 
ment, in social organization and in the general education of 
masses that its power is greatly multiplied. Thus the per 
European expansion which began with Columbus and which sw 
to such immense proportions in the nineteenth century has alr 
carried the white race to the point of secure world dominat 
respect to power and prestige, and is still carrying it forward 
a momentum that far surpasses the rate of progress of the 
races of the world. Nor has the World War changed the situat 
materially, the rates of increase in the more advanced countr 


having reverted to prewar figures almost immediately after the cl 


of the conflict. 
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The interracial comparisons which we 
ndicate that the so-called yellow peril is 
fact, the backward races might more lo; 
neril. There is, nevertheless, something tf 
nereasing resistance which the backward r: 
) white exploitation. This increasing resist 
reaction to wrongs that have been suffered at 
race, as some would have us believe. In spit 
ncidents, white expansion has been more 
tions it has overrun than has ever been true of 
ments before. Except in a few minor instances, 
the backward peoples far more than it has taken 
account of its great cultural achievements, it 
brought industrial improvement, suppression 
knowledge and superior laws and ethics. If there is a ) 
or race peril at all, it is the result of the increasing ambit 
power which the new civilization has stimulated i 
races. 
A brief survey of the situation in the Orient w 
set forth the case. The population status of Asi: 
been established by a great overcrowding which 
exceedingly high death-rate against a correspondingly hig 
rate. With the coming of modern methods of sanitation and 
le 


improvement in means of production and transportation, the « 


rate is being temporarily lowered. But, on the other hand, the | 
rate is entrenched in ancient customs and religious beliefs w 
give way but slowly before the advance of the new civilization 
a consequence, population increases so quickly that little benefit 
derived from improvements in production such as have been br 
about by British engineers in Egypt and India and by the 1 
educated leadership of Japan. India, for example, has iner 
from 178 million to 332 million, or 30 per cent., in half 

This population is about six times as dense as that of 

States and is almost wholly agricultural. As ae 

overcrowded numbers, the rate of increase is n 

than one tenth that prevailing in the United Stat 

although the birth-rate is twice as high. At the san 

of the population is inevitably held down to standar 

are incredibly low from our point of view, but which ea 


lasts 


raised as long as the present population tendency 


Orient Japan has experienced the greatest benefit from the influ 


of western civilization. As a result its overcrowded popul 


pe, al 


already shown a rate of increase equal to that of Euro 
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the per capita income is less than 10 per cent. of that of the Unit 
States. 

Oriental peoples, therefore, numbering about half of the popu 
tion of the globe, are repressed by overcrowding to a degree 1 
ean hardly comprehend, and the benefits of modern scientific ; 
duction and sanitation mean very little to them except by Way « 


awakening ambitions that only a few can attain. It is but natu 
therefore, that they should look with envy on the sparsely popul 
areas of Australia and America and consider the white man’s p: 
of exclusion unfair. Wherever they can find a foothold the 
do so, and with their low standards and habits of industry will d 
place other populations. Potentially their hundreds of mill 
might become billions if land were available, but now that the w! 
world has put up the immigration bars it is not available. T! 


own lands can not be made the basis of a much greater food sup) 
than at present. While they may find room for some expans 
into Northern Asia, they are not at all likely to increase to a | 

where they could menace the white race in direct conflict, thou 


f 4 


they may be an important factor as an ally to one or another of 
competing elements of the white race. The principal cleavages of 
the future will doubtless still be divergent white civilizations against 
each other, as in the past. A Teutonic-Slavie alliance, for exam; 
might find Oriental allies. But the cleavages of the Orient ar 
deep as those of the Occident, and a united East is an improbabilit) 
The yellow peril, in as far as it exists, is chiefly the menace to hig 
standards that is inherent in low standards, a menace which is ni 
limited to alien races. It holds no alarming threat to the w! 
world except under the now abandoned policy of unrestricted im: 
gration. 
III. Druinisuine REtTuRNsS 

It is popularly assumed that the industrial progress which has 
characterized the nineteenth century will continue indefinitely ar 
that therefore social standards will continue to advance. Many st 
dents of world affairs, however, hold a contrary view. Briefl 
stated, they consider that the present era of progress has resulted 
from the vast new lands that have been made available, and t! 
the relative disappearance of poverty and the rise of democracy are 
merely incidents of this expansion. They assume, therefore, t! 
with the inevitable return of population pressure, labor will b 
cheapened and society will again revert to mass poverty, militaris! 
and authoritative government by privileged classes. That is, they 
assume the Malthusian theory to be strictly applicable to the case. 
And when the pertinent data are examined it will be found that 
this view is at least worthy of consideration. We shall then briefly 
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review the arguments usually cited in support of the theory that 


population pressure and its attendant social conditions are re 


turning 

At first thought, the history of invention and business progress 
during the last century or two certainly gives the impression that 
permanent progress is now assured. During almost all this period 
of time right down to the present, wealth and income have been 
increasing faster than population, at least in the more advanced 
portions of the world. It would seem, therefore, that in view of the 
possible further achievements of science no shortage of production 
is in sight. The optimist points to the so-called miracles of science: 
to power machinery, to the conquest of distance and finally to the 
achievements of scientific agriculture. In view of increased wealth 
and the abundance of food he laughs at the possibility of coming 
searcity. 

But on further consideration much of this exuberant optimism 
will be found to be mere rhetoric. The fact is that the achiev 
ments of science are not primarily of the sort as yet that will alle 
viate the increasing demand for food in overcrowded areas. What 
science has done is to render possible the extensive cultivation of 
new lands rather than to increase materially the production per 
acre. As a result, the populations of Europe are to-day in a large 
measure dependent upon newer regions for the food supplies which 
they purchase with the products of their factories. It is true that 
European agriculture has also made great advances because of 
proximity to the primary markets. But in spite of this progress, the 
United Kingdom depends upon the outside world for over 50 per 
cent. of its food, while Germany, France, Belgium, Italy and Hol- 
land, in the order named, are also dependent upon food importa 
tions. The same may be said of Sweden and Norway, although 
these countries could be practically self-supporting if necessary. 

The chief sources upon which Europe depends for its food sup- 
ply are, on a prewar basis, Russia, the United States, Canada, Ar- 
gentina, India and Australia. As long as these countries continue 
to export large surpluses of food and to import manufactured prod- 
ucts, Europe can maintain its present population. But in the main 
the food-producing countries just mentioned are rapidly progress 
ing to a point where they will produce much of their own manu 
factures and consume the bulk of their food products. This is par 
ticularly the case with the United States, where the exportation of 
foodstuffs is now overshadowed by the exportation of manufactures 
and manufacturing materials, the proportion in 1921 being 260 
per cent. The United States is, therefore, more of a manufacturing 
rival of Europe than an agricultural support. Australia and 
Canada and to a lesser extent Argentina, with their rapid increase 
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in population, bid fair to approach the same situation within a gey 
eration or two. Russia will eventually move in the same direct 
and will have an enormous population of its own to feed. E 
India may some day gain its economic independence or be 
tributary to Asiatic powers. 

But it will be argued that the increasing demand will be m 
a more intensive agriculture and a consequent greatly incre: 
yield per acre. There is, doubtless, considerable room for imp: 
ment in this respect but not as much as is usually assumed. 
possibility is confused by viewing it in the light of the incre 
agricultural production per laborer which has resulted fr: 
use of cheap lands. But the fact that we have increased agr 
tural production per laborer tenfold has little bearing upon 


problem. This gain having been dependent upon new and ¢ 


land is necessarily transient. Science has not yet demonstrat 
that it can increase the yield per acre in anything like the deg 
that it has increased wealth as a whole. The United States 
example, with all its use of agricultural machinery, produces litt 
more than two thirds of the average yield that Japan gets wit 
semi-medieval methods. Even Belgium, which holds the wo: 
record for intensive scientific agriculture, can barely double 
record, and this only with the aid of several times our out! 
labor per acre. Such a comparison clearly indicates that inten 
agriculture, even with the use of the most scientific metho 
not increase food proportionate to the recent rate of iner 
population. And production thus increased, though it wil 
larger returns to capital, will necessarily mean lower inc 
standards for the masses who live chiefly by their toil. Dimin 


r 
f 


returns and cheapening labor inevitably go together. 

In view of the world’s agricultural outlook, it- may plausil 
argued that population pressure is already in evidence. Thom 
estimates that the close of the nineteenth century brought the b 
nings of diminishing returns to American agriculture; that is 
former lowering costs of expanding agricultural production beg 


to give way to rising costs. This, of course, would naturally) 
anticipated with the disappearance of high grade free land. It 
also argued that the disappearance of the frontier has already m: 
itself felt upon the status of the laborer. Wage data in the Unit 
States do in fact show a cessation of the former rapid rise in 
purchasing power of wages, there having been little or no permanent 


increase from about nineteen hundred up to the World War. A 


to Europe, it is said that the condition of the masses has in rece} 
decades shown a more unfavorable trend except as it has been r 
lieved by the favors of social legislation. It has also been point: 
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ut that the widespread popular discontent evidenced by radical 
agitation has in turn driven the aristocracies of Europe to make 
xtraordinary efforts for the capture of foreign markets. Under 
uch circumstances, the militaristic attitude has naturally been 
fostered. 
A significant change which is attending the 

erowding is a gradual lowering of the birth-rate, althou: 
change has not thus far produced conspicuous results on accoun 
, similar decline in the death-rate. Biologists have recently 


pointing out that the decline of the birth-rate is differential 


tween superior and inferior stocks and that the numbers 
incapable threaten to swamp the more capable. Many 

of Malthus are inclined, however, to look upon the el 

more favorable light. They consider that the checking of 

is desirable, and while they deplore the present dysgenic trend, they 
regard it as temporary. In their view it is incidental to the extreme 
competition for higher social rank that goes on in an expanding 
civilization—a competition which generally results in late 
riages and small families among those who are achieving success 
But it is pointed out that as wealth becomes hereditary with those 
stocks which have proved their worth, family pride is developed 
and the size of the family tends to become normal again. Though 
the birth-rate among the established wealthier classes may remai 
a little below the general average it will doubtless be compensated 
for by a low death-rate. It is also argued that the present rapid 
increase of incompetents can not go much further since it must 
necessarily be checked by increasing poverty and hardship, unless 
remedied by more positive measures. And though the future may 
see a large class of inferior and low-paid workers, we are reminded 
that such a population can profitably be used in the routine labor 
of modern machine production. Hence the Malthusian is likely to 
consider that, if prospective wars are not too disastrous, society will 
at length find stability under the new conditions. The upper 
classes, being the descendants of those who have proved their worth 
in the long competitive struggle of the epoch of expansion, may be 
counted on to rule with wisdom, while the inferior multitudes, after 
they have become accustomed to low standards and obedience, will 


find the peace and order of the new era advantageous. 


IV. Tue OvtTLooK 
How shall we evaluate the outlook that the modern Malthusian 
presents? Is it simply the product of the exaggerated ideas and 
fears that have come with the disillusionment of the World War, or 
* a 


is it a well-founded forecast of the trend of world affairs? 
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The opinion of the writer is that as far as any definite pr: 
tion goes, the Malthusian theory will prove to be misleading 
dicting the future by the past is too mechanical a method of p: 
ecy to be minutely reliable. While it is true that physical ¢ 
will produce uniform physical results, it is not true that hu 
reactions to natural conditions will be the same to-day as in the | 
It might be predicted, for example, on the basis of ancient ex 
ence that modern Europe would pass through a cycle of wars, | 


ing equilibrium at length in the unquestioned supremacy of 
military power. And it must be admitted that the recent war 
present conditions suggest altogether too strongly the possibi 


such a solution. But, on the other hand, new ideals and aspir 
have been awakened in the modern world which make such a: 
come improbable. It was the moral imponderables in the recent 
which finally determined the course of events. However impr 
sable idealism may be, and however much of illusion it may che: 
it is nevertheless a force to be reckoned with. Hence the eas) 
clusion that the coming pressure of population will throw the y 
back to older types of aristocracies is very questionable 
tempering of the extremes and crudities of democracy there m 
but the precise course of events will very likely proceed upon 
which can not now be anticipated, because the advance of sc 
will bring new instrumentalities into play. 

Even as it stands to-day, there are several forces at work v 
will serve to counteract the results of natural increase. One of t 
in particular many followers of Malthus have strongly emphas 
namely, the artificial restriction of population. Unfortunately, 1 
propaganda has been largely responsible for the dysgenic ef 
already alluded to. Furthermore, it arouses a strong moral 0} 
sition and is especially repugnant to the more virile populat 
who aggressively seek to further their class or national interes 
Hence it is not at all likely to prove the cure-all for social ills t 
the Neo-Malthusian thinks. Nevertheless, it remains an influe1 
tending to relieve the stress of overpopulation and might possi! 
given a eugenic trend. 

Mention may also be made of another line of attack. Th: 
vance of psychology has made it possible to distinguish and in s 
degree to measure the mental incapacities which result in p 
and crime. The development of institutions for the pauper and 1 
criminal has already shown that it is quite possible to deal 
various classes of incompetents both humanely and economic 
In well-managed institutions they are far happier and more 
ductive than if allowed their freedom. A considerable expans 
therefore, of institutional care for these classes would be advant 
geous from the standpoints of both humanity and natural select 
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T ‘population is 


further factor in relieving the effect f po} 


‘ess in the production of food. While it probable that 
progress must continue to take place onditions of de 


| DOSSIDILITIeS In 


ing returns and lowering wage trends, yet the ] 
at seience W il] 


are considerable and there is some 


ver novel and more efticient methods been estimates 


on the basis of present knowledge food 
Ss may be inereased 50 per et nt. or more b 
r cultivation; and as we have already 
r countries indicate that the yield p 
led. In the overcrowded countries of 
ase of lesser degree will doubtless be att 
South America and Africa the supervision of 
1 a considerable increase. Something may 
ntial productivity of the ‘‘ Friendly Aret 
rease in the supply of sea foods. Progress in 


tions will at least serve to put off the evil day that t 


licts. though not without the disadvant 


Lurns. 
Nevertheless, after all due allowance IS mad 
remains true that the Malthusian is eal] 


There is no escaping 


| omissions, it 


is to face the fundamental facts of a new age 


the conclusion that the era of rapid and easy expansion is drawing 
istorv that 


And it must also be evident to the student of hi 
an naditi ms 


toa close. 


the world will be profoundly affected by the change. The 
that have fostered the age of democracy in both its economie and 
political aspects are disappearing, and the conditions which in past 
ages have made for mass-poverty, conflict and aristocracy are re 
turning. While this does not prove that the world will revert to its 
evil past, it does emphasize the necessity of an informed and enlight 


ened statesmanship. Only an application of scientific methods to 


social management gives promise of escape. 
} 


We may observe, however, that for reasons already stated it is 


Europe rather than America which must bear the brunt of the re 
Because of our development under 


newed population pressure. 
totally different conditions we are wholly unprepared to understand 
the situation of the European peoples, either by way of sympa 
thizing with them in their difficulties, or of appreciating the dangers 
arising from their militaristic tendencies. With us the acquisition 
of foreign markets is a relatively unimportant incident affecting 
normally not much more than 10 per cent. of our trade. It would be 
quite possible, in fact, for us to reduce this trade to a bare minimum 
and still to be prosperous. Hence we look upon the aggressive com 
mereialism of Europe, and the imperialism that goes with it, 
Vol. XIX.—39 


as 
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simply evidences of degenerate greed, never stopping to t! 
the clamor for markets is merely the obverse side of the 
demand for food on the part of an ever-growing populatior 
of course, with the proceeds of the sale of their manufact 
the industrial nations of Europe buy their food imports 

kets fail, unemployment and starvation become inevitab| 
therefore, must be the attitude of the governing classes of 


as they view the rising tide of world competition in manut 


and in the appropriation of the food surplus. Unless 
succeed in finding raw materials for their manufactures 
kets for their products they are in real danger of popular d 
and even of anarchistie uprisings. Yet we persist in viewi 
aggressive policies as being inspired merely by a deliberat: 
It is assumed that if kings and diplomats could be prevented 
misleading a peace-loving and industrious people, all would b 
That the simple peasant, rearing his large family in the overe: 
regions of Europe, may possibly be more instrumental in pr 
conflict than diplomats and militarists together seems iners 
us. Yet in fact the turmoil of Europe arises chiefly from t 
culty of feeding the increasing populations and of meeting 
insistent demands for higher standards of living. And this 1 
is likely to continue until an adjustment to the new world s 
is reached. 

In our own more favored land, however, the change t 
conditions is coming very gradually, and no serious cons 
need be anticipated for many years to come. It is true, as w 
seen, that the rapid rise in wages which characterized the per 
an expanding frontier came to a close about 1900 when diminis 
returns in agriculture were first in evidence. But, relatively sp 
ing, our population is still a sparse one, being little mor 
tenth as crowded as are the industrial peoples of Europe. Bes 
with its higher standards of living, it is already adjusting its 
the new conditions, as is evidenced by the decline in the 
size of the family from 5.6 in 1850 to 4.3 in 1920, and by a } 
fall in the decennial rate of natural increase from 25 to 11 p 
Our new policy of immigration restriction is also materially h 
to postpone the day of surplus population, and has alread) 
to give wages a renewed upward trend. Hence, though land 
may be expected to continue their rise after the period of p: 
readjustment is past, no rapid cheapening of labor is to be ex} 
The conditions, therefore, which are becoming so appare! 
Europe, by which property and privilege are elevated, wh 
value of human life is depressed, will come upon us slowly if 





BOTANIZING IN RCI 1Do] 


BOTANIZING IN ECUADOR 


By Dr. A. S. HITCHCOCK 


S. DEPARTMEN Fr 


my study of the grasses I have found 
amount of field work in order that | 
ts and their habits In recent years 
ed to South America, partly because 
na in 1919 and partly because of the 
that continent most of the grasses of which 
ne for identification. The Gray Herbarium, the 
nical Garden and the U. S. National Herbarium have 


‘ 


licy of cooperation in the study of the plants of northern South 


; 


America. In accord with this policy, I made arrangements to 


Ecuador for the purpose of making a general collecti 
n three sets for the three institutions mentioned. In 

antage of this situation, I was authorized 
Bolivia, where I devoted my attention in the m: 
the grasses. The three countries included the region of the 
Andes, and the results of the study of the grasses here added to tha 
riven to the grasses of Colombia and Venezuela collected 
Pennell and his assistants in the former, and by Pitti 
others, in the latter country, would give a fair ide: 
flora of the Andes within the tropics 

So it came about that my wife and I started from New Yor 
on May 25, 1923, on a Panama railroad steamer for Cristébal. We 
landed for a few hours at Port au Prince on the way, and arrived 
in the Canal Zone on June 2, where we waited until June 10 for a 
boat to Guayaquil, the //uallaga of the Peruvian lin \ few 
grasses were collected at Buenaventura, where a stop of a few hours 
was made, and then we proceeded to Guayaquil, landing on June 16 

Landing from a steamer in a strange country is always a nerve 
racking process—there is the health officer, the passport examina- 
tion, the custom house, the landing of the baggage, the unfamiliar 
money and, since landing was by lighter and launch, the bargain 
ing for passage ashore with greedy cargadores, a dozen of them all 
pushing and talking and gesticulating at once. I was greatly re- 
lleved when a man came forward with a letter from Mr. James 
Rorer, the well-known mycologist, whom I had met in Trinidad 
The bearer would look after my things from steamer to hotel, in 
cluding custom house. Oh joy! what relief! And he did it, too, 
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e price was reasonable. Fortunately I had a letter from the 
lorean minister in Washington to the custom officials in Guay 
which smoothed things wonderfully. We had nine pieces of 
baggage, including two large boxes of collecting paper with 
ps screwed on. The custom house was hot and sti amy. ‘* Thes 

; contain paper for my plants, shall I open them?’’ ‘‘Oh no, 
’ . that is all right.’’ The pieces are checked ana ff y vO Mr 
r’ himself could not be there, as he was on his piantati in the 
ior. 
For a few days I was busy getting in touch with officials and 
thers who might be able to help me, making connections, as it is 
ed. Dr. F. W. Goding, our very kindly and efficient consul 














RESIDENCI 


rhe walls are of two crossed layers of bamboo board « 


general, was of inestimable service. The governor of the provines 
gave me a letter, in Spanish, to officials, a letter of especial value in 
remote regions where a plant-digging idiot would be under grave 
suspicion. 

While wandering along the river front in the city, I saw a grass 
growing in the tidal mud which proved to be a little known species 
described by Kunth from the collections of Humboldt and Bon 
pland at the time these naturalists visited Guayaquil at the begin 
ning of the last century. The name, Eriochloa polystachya, had 


been applied to other species in the United States and tropical 
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America, none of 
agreed with the ori¢cu 
tion and plate. He: 
real thing—and fron 
locality—another puz 
While at Guaya 


the privilege of e 





several places on 
plain: Through the 
Mr. Orr, geologist, 


Clark, superintendent 





camp toward Salinas; 





‘ atio f i 
A HoUSE UNDER CONSTRUCTION, plantati n of Mr ; 


CUENCA 





The poles are tied to the frame with 
agave fiber. The cultivated fields 
are carried far up on the mountain 
side. An agave hedge back of the 
house. Four eucalyptus trees in 


background. 


Teresita, a very wet belt close 
to the mountains; at the plan- 
tation of Mr. Rorer, who is 
raising cacao, coffee and _ ba- 
nanas; at the sugar plantation 
in charge of Sr. Perez Conto, 
near Milagro. At the last place, 
Mr. Meigs, the manager, and 
Mr. Platts, the chemist, are FRAMEWORK oF Hi 


Americans, the latter a class- It is partly filled in wit! 
the walls will be 











mate of my daughte 
University of Michigan 


row is the world! 


> oe ee ee 


Guayaquil is warm, 
so warm as Panama. Th 


eoast of South Americ 





of Colombia is kept cor 
tively cool by the Hur 
current coming up the 
from the Antarctic regio: 
FRAME WorRK OF HOUSE temperature at Guayaquil 1 


The «s ‘ > 2 Nece are ve ; ~ 7 
The small cross pieces are carrizo goes above 85° F. For 


(Arundo donax). ; , . 
this city was a hotbed of | 


fever and other tropical diseases, but is now clean and safe 
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AN A DOBI 
With plastered walls and grass-thatched roof. 


The trees are eu ilyptus. 


For a part of the time we had our headquarters at Huigra, in 
the mountains on the railroad to Quito. Here at an altitude of 


4,000 feet the climate is very fine. The Guayaquil and Quito ra 


road crosses the coastal plain and then rises laboriously up through 
a steep valley to the Sierra, getting up to 10,000 feet in a few miles 
and then goes down into a high valley and passengers stay over 
night at Riobamba. The road was a difficult piece of engineering 
Up through this valley the grade is often 3 to 5 per cent. and 
reaches a maximum of 5.5 per cent. The mighty engine did much 
chugging to get its little train of four cars up these grades. The 
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CORRAL AND TOILET Room or Hore. 


Note the open well in right foreground. All water 


drinking. 


second day is spent going from Riobamba to Quito, over suc 
passes and valleys past mighty Chimborazo to Ambato and 
cunga, past superb and graceful Cotopaxi into the bowl m 
chincha, where is located the capital at 9,500 feet altitude, : 
cold place because of its height. 

Arrangements were now made for a trip to Tulean on 
Colombian border. I was very fortunate in obtaining for a 
panion Mr. J. R. MeWilliam, a young American living in Quit 
a Seventh-Day Adventist missionary. He speaks Spanish and 
familiar with the country and its customs. Still more important 
he is a gentleman of high character and proved a helpful friend 
well as an efficient aid. Mr. McWilliam accompanied me on 
other trips in Ecuador. He attended to the business details of 
expedition and served as a buffer between me and extortion 
cuides and mule-owners. Those who travel in out-of-the-w 
places will agree with me that much of one’s energy is used in g 


ting from place to place and the unescapable details are suc! 
severe tax on one’s time and patience that little of either is left 


scientifie work. 
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The limiting factor in travel by mule is forage for the animals 
ie animals are given no grain, but are fed night and morning, 


d also noon when possible, some kind of cut green forage, alfalfa 


hen available, otherwise, corn stalks, sugar cane, barley, bamboo 


malote (Azonopus scoparius), or even wild grass or weeds 
‘ecessity for obtaining forage compels stops for the night in the 
iltivated valleys, and therefore at the inns of the towns or huts of 
ie Indians. The botanical specimens of interest are obtained 
ostly on the ridges and passes between the valleys If nicht 


/ 


threatened to overtake us in good collecting ground we were obliged 
to hurry on to the next place where our animals could be fed 

The first night out of Quito we stopped at a ranch wl 
ecustomed to supply shelter and forage to traveling cara‘ 
had a saddle that I had brought from home, and I earried a 
cot with a pad or thin mattress and blankets. We were 
to a room without furniture, water, light or conveniences of 
sort. We were able to obtain hot water, the rest of the meal 
supplied ourselves. One must travel with bed, supplementary fox 
‘andles and simple utensils. Fleas, lice and bedbugs are likely 
be encountered and care must be taken to remain free from atta¢ 

The day’s travel out of Tulean will illustrate the troubles of 
plant collector. We arose at 2:50 in order to have an early 


and get out of the valley to good collecting soon after daylight 











A WAYSIDE INN 


Our caravan ready to start. Mr. MeWi 
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A BALE oF UNFINISHED PANAMA Hats 
They are being wrapped for shipment at Cuenca. 
I was suffering from a rather light case of diarrhea and was « 
fining my diet to boiled milk. I drank a bowl of milk for bri 
fast and filled my canteen with milk. We were able to start ab 
five o’clock and then proceeded through the uninteresting valli 
for an hour. Our destination was La Rineonada, a large ranch o1 
the way to Ibarra where we had stopped on the way north. Col 
lections were made, partly in the rain for about two hours and t! 
we hurried on for the paramo that we had passed through on 


way over. <A paramo is a ridge, slope, or plateau above tree 


and has a characteristic flora. It is a bleak place often with a « 
wind sweeping over it, often with squalls of rain or even sleet. In 
the afternoon we arrived on this paramo and hurriedly collected 
long as we dared spare the time and yet get to the ranch. Here \ 
saw a wonderful forest of frailejones, a treelike composite tl 
forms extensive forests for miles over some of the hills of 
paramo. The trunks are mostly 6 to 8 feet high but may be 
much as 15 feet. The collecting here was so good that we remain 
longer than we ought. The road we were following was not th: 
main highway between Tuledn and Ibarra but a fainter road to t 
La Rineconada Ranch. Darkness soon overtook us, and we had 
trust to the mules to follow the path. As they were not famili 
with the region there was danger of their following the wrong r 
and this is what they did on the ranch itself. About ten o’cloc! 
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the heads of our own 


n darkness so dense that we could not see 
mules, we found ourselves ascending a very steep hill, so steep 
_* 


that our pack animal stumbled and fell. The animal was down on 


the slope with the pack slipped under its bell) Hlere was a dis 
aster of major importance Removing a pack from a frightened 
mule in the dark is ticklish business Passing over troublesome 
details we finally reached the ranch house amid the barking of 
about a thousand dogs. Even with this bedlam, the servar ere 
unable to awake the owner and we put up our beds in the en 


I had had nothing to eat since 4 A. M. except a quart of bi 
in my canteen. We were given a bowl of hot milk and 
tired at 1:50 A. M.. a day of 23 hours. much of it in tl 


This is a sample of the vicissitudes of the traveler in remote regions 





The next trip was through southern Eeuadoi 














TILLANDSIA 
A tree with several species of Tillandsia (wild pins 


western Ecuador. Epiphytes are very abundant in this reg 
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A MouNTAIN GORGE NEAR ONA. 


boat to Santa Rosa and with mules by stages to Loja, Cuenca 

Huigra. The method of travel was to hire the animals and a driver 
for each stage, two pack mules for the outfit and three saddle mules 
for McWilliam, the muleteer and myself. The muleteer was re 
sponsible for all the animals, looked after the loading, feeding 
saddling and anything else there was to do, and was also guide 
and interpreter with Indians who could not speak Spanish. Pay- 
ment was made in advance to the responsible party from whom the 
mules were hired, the price averaging 5 sucres each per day for 


the mules and the man. At this time the sucre was worth about 


twenty cents. At no time during my entire stay in Ecuador were 
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the mules brought at the hour agreed upon 
-ountry. 
The first stage, two day s, took us to the gold mine at Portovelo 


near Zaruma. Here we were the guests of the company by cour 


tesy of Mr. Tweedy, the manager, and Mr. Kellogg, the superin 


tendent. It is worthy of record that we had here good American 


t | 


eriddle cakes and syrup. The second stage, three days, brought 
us to Loja, where we spent one day drying plants. In five days 
more, including one day’s rest on the Sabbath (Saturday, Mr. Me 
William being a Seventh-Day Adventist 

Cuenea, the third city of Eeuador This 

the Panama-hat industry, almost the entire 

hats. The palm is a native of the coastal regio 

leaves are brought up to the highlands to be made 


city is much isolated as its nearest railroad connect 


BRIDGE ACROSS GorRGE aT BANos. 
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FRAILEJONES 


A forest of frailejones (Culcitium sp.) paramo of Northern Ecuador 
Much of the traffic of Loja is out by way of Paita in northern P: 
Two days’ travel from Cuenca brought us to Huigra. 

The collecting was good on the trip but as usual the interest 
plants were found on the wet ridges between the valleys or on 


paramos. ‘Twice we spent the night in the mountains in order 1 


get sufficient time for collecting. The forage question is troul 
some, as it is not easy to provide feed for the animals. If w 
grass is available the animals must graze during the night wher 
they ought to be resting. In wooded regions there is no suital 


grazing. 











AN AGAVE-LIKE PLANT IN A FOREST OF FRAILEJONES 
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The kindliness of the natives is illustrated by our experience on 


e of these occasions. We came to a small hut at about 11,000 


et and asked if we might remain for the nigh ‘“*Como no, 
nor?’’ (Why not? or surely The hut was of brush thatched 
ith grass, ten feet by six, a doorway but no door, no windows, a 
irt floor. In one end there was a raised piatiorm which was the 
ed. The only equipment consisted of three blankets and quilts, 
bout half a dozen tin dishes and three stones on the floor 
replace (no chimney). Here lived a man, | 


small children, the youngest a baby of six 

















A FRAILEJONE PLANT ABouT EIGHT’ 


We had all our clothes on and 


guests we occupied the platform. 
The cold 


our blankets, ponchos, sweaters—everything available. 


paramo wind came through the brush side of the hut with scarcely 


decreased violence so that we had to wrap our heads. Yet these 
people were living here—and ready to give us the best they had 

I was astonished at the great number and variety of the tilland 
sias or wild pines, most of them epiphytic on the trees, sometimes 
five or six species on a single tree, but some of them growing on the 
ground or on rocks. Epiphytie orchids were more common here 
than in the other parts of Ecuador I had visited though the region 


was rather arid. 
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It is well known that in tropical regions, especially at low: 
tudes, the individual trees of a given species are much seatté 
the forest. I had an opportunity on the west slope of the An 
observe this and estimate the degree of isolation. One speci 
in full flower with conspicuous red inflorescences. At one p 
a hill I was able to look over many square miles of forest, and 


easily detect the individuals of this species. I estimated t] 


trees would average one to the square mile. 

The last trip with Mr. MeWilliam was from Ambato to B 
and on into the Oriente to Cashureco near Mera, occupying 
days. We passed the great voleano Tunguragua (16,700 
which was belching vast columns of smoke. The trail do 
gorge of the Pastaza River takes one through scenery th 
desecribably grand. From Banos to Cashureo the collecting 
unusually good. In a single day I obtained 150 species ot 
that I had not found before in Eeuador. 

Before leaving Ecuador I ascended Chimborazo to the s1 
at about 16,000 feet, starting from Urbina on the railroad at 
12,000 feet. The trip was made on foot in one day with 


ruide. 
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MENTAL HYGIENE IN THE UNIVERSITY 


By Dr. STEWART PATON 


PRINCETON, N. J. 


MENTAL hygiene is one of those useful but indefinable terms 
which is still on probation in academic circles. The term is not on 
the Index, but it has not been formally recognized and accepted. 
As the term became prominent it encountered some if not all the 


opposition that once was forcibly expressed against recognizing 


such words as health, disease, sanity or insanity as fit subjects for 
academic discussion. 

It is not so long ago that the intellectuals did not consider health, 
sanity, culture and civilization as words belonging in the same 
category. An intellectual was expected to radiate both culture and 
a civilizing influence, but he did not stop nor stoop to consider 
questions of hygiene, either physical or mental. The times for- 
tunately have changed. Mental hygiene redirects attention to the 
Greek point of view that stresses the value and relations of a sound 
mind to a sound body and of bodily vigor to mental alertness. As 
a matter of fact there is some danger now of misdirected enthusi- 
asm and skill in advertising, giving mental hygiene the kind of 
prominence it neither desires nor deserves. 

I hope, however, to be able to point out in what follows the 
kind of attention and encouragement mental hygiene deserves and 
expects to receive in the university. Before doing this let me say 
that mental hygiene represents a happy combination of the methods 
of art and science intended to secure a little bit more intelligent 
regulation of our lives. Mental hygiene, however, is not proposed 
as a panacea for all our ills. It does not insist that there is only 
one road to salvation, nor does it offer a specific remedy guaran- 
teed to cure every form of mental and spiritual disillusionment. 

Perhaps it is just as well for us to remember that one of the 
chief functions of mental hygiene is to point out the obvious. Those 
telling about the advantages of mental hygiene must expect to have 
the same experiences, which Professor Santayana has said generally 
come to those who are engaged in championing the obvious. On 
the one hand, some people will say it is both futile and silly to dwell 
on the obvious, while on the other side, there will be docile minds 
ready to bow before ‘‘Plain words as before some sacred mystery.”’ 

Although mental hygiene is only one half art and one half 


Vol. XIX.—40 
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science and does not have any promises rich in dramatic possibiliti 
to offer, it is a very important subject. It serves to remind { 
academic psychologist that education should prepare a student 
live in the world of reality, as well as to enjoy the protected environ. 
ment of the university. <A little knowledge of its principles should 
make it easier for members of a faculty to live together in unity. 
for teachers to teach, for students to learn, and for all to deve! Da 
little more intelligent interest in acquiring the art of living within 
their emotional and intellectual means. Mental hygiene tries 1 
make it easier for all to catch the rhythm in the dance of life. 

It is not difficult to find plenty of illustrations of the advantages 
the members of a faculty could secure from even a slight acquain- 
tance with the ordinary rules of the art we are describing. I ha; 
pened once to be walking with a friend who is a philosopher | 
profession, and we chanced to meet another professional philo 
pher, an acquaintance of both my friend and myself. I noticed 
the second philosopher responded to my greetings but took no notice 
of my friend. After we had passed, I said to my friend, ‘‘B. d 
not speak to you. What is the trouble?’’ ‘‘He never liked m 
criticism of his work,’’ replied my friend, ‘‘so he does not notic 
me.’’ ‘‘Evidently B. is an academic but not a practical philoso- 
pher,’’ I said, ‘‘and of course it is safe to assume he is not interest 
in any subject as practical as mental hygiene.’’ 

Mental hygiene can be counted upon to furnish material assis- 
tance to members of committees on discipline and the curriculum 
developing human and humane views on the subject of education 
Emphasis is placed upon the original meaning of the word educa- 
tion—a drawing-out and not a putting-in process. An apprecia 
tion of this fact should bring to the attention of the teacher the 
importance of finding out something about the nature of the pr 
esses he expects to draw out of the pupil. What a marvelous 
change would take place in the whole educational system if the 
teacher once grasped the idea he was not engaged to superintend 
the storage of academic cargoes, but to direct the delicate adjust 
ment of very complicated brain-processes. 

The reaction of a good many teachers towards the statement of 
the fact that students have brains is similar to that of an English 
clergyman I met years ago in Naples, and who asked me what 
kind of work I was engaged upon at the Naples Aquarium. When 
I told him I was studying the brains of fish he sat silent for some 
time puffing on his pipe, but finally asked, ‘‘Did I understand you 
to say that fish have brains?’’ After assuring him that fish did 
actually possess brains he suddenly showed signs of considerable 
enthusiasm for a new discovery by ejaculating, ‘‘By Jove, that’s 
quite an idea!’’ 
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My experience in academic communities has convinced me that 
if the average professor does realize that students have brains, then 
these authorities on education do not seem to be very enthusiastic 
about the significance of this information. If they did understand 
what it was to be the happy possessor of a brain they would appre- 
ciate what a wonderful organ the human brain is not to be thrown 
out of kilter more often by the varied and complex disadvantages 
of a thoroughly modern education. A special license is required in 
order to experiment upon the brains of the lower animals, but no 
license is required to-day from the multitude of teachers in schools 
and universities who are experimenting on the functions of the 
brains of students. 

Perhaps many will consider me unnecessarily severe in criticiz- 
ing institutions of learning. Let us see if this attack is justified. 
Recently I had a long and interesting conference with one of the 
chief academic representatives of one of the oldest, largest and best 
known of the eastern universities. ‘‘Suppose,’’ I said to this offi- 
cial, ‘‘I happen to be a professor of history in the institution you 


represent, and Jones, an undergraduate member of my class, is not 
doing well in his studies. I take a personal interest in Jones, and 
wish to find out what the reason is for Jones’s poor scholastic stand- 
ing. Undoubtedly there is considerable information in the univer- 
sity bearing on Jones’s case that may throw some light on the reason 


for his continued failures. In the first place, there may be items 
of interest contained in the results of his physical examinations, of 
intelligence tests, of university examinations, of reports from the 
schools which he attended before entering the university.’’ We 
counted up, I think, seven different possible sources of information 
about Jones. ‘‘But,’’ said my friend, ‘‘if you wish to get all this 
information you would have to go to at least seven different offices 
on the campus.’’ My reply to this was that as I was presumably 
a very busy professor, I should not have time to get the informa- 
tion, and when Jones failed in his examination he would be dropped 
from the class and neither he nor I would know just why he was 
dropped. Think of educators not making an effort to study their 
failures intelligently! What a comment this is on our entire edu- 
cational system—the one system in which we would think a careful 
study would be made of each failure in order to improve the 
methods! How the professor in the class-room loves to tell his 
students to profit by their failures, and yet how very little he does 
himself to set the student a good example in this respect. The rela- 
tively large amount of information now available in the universi- 
ties would, if properly coordinated, supply the faculty with useful 
data about the real reasons for students’ academic successes or fail- 
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ures. This same information if properly used would throw lich: 
upon the ease or difficulty students frequently experience either jn 
recognizing or adjusting their personal problems. 

Here is a very striking illustration of the harm often done hy 
trying to stimulate intellectual interests in students at a time wher 
nature is trying to protect the pupil from the meddlesome inter. 
ference of teachers. The protective reaction is usually one in whic] 
lack of interest in study is a prominent symptom. Often, as has 
been shown by Dr. C. G. Guthrie at Lawrenceville, as the result ; 
rapid growth associated with undernourishment, boys in the school 
period begin to show signs of not having sufficient reserve energy 
for both work and play. They seem to be and are always a litt] 
behind the game. Soon these boys develop a series of protective 
reactions. These responses, usually exaggerated by repeated at 
tempts made to develop at an inopportune time intellectual inter- 
ests, include signs of emotional instability, irritability, lack of 
interest, inability to fix and concentrate attention and a variety of 
other symptoms which may become permanent unless the under- 
lying causes are removed. As a rule, the cases of these boys are 
not recognized and they go from school to college and out into the 
world sadly handicapped by mental attitudes and habits that are 
indicative of nature’s efforts to compensate for a fundamental sense 
of inadequacy that can be traced directly to physical causes. If 
the physical causes of the mental disturbances had been removed, 
then the pupils would have adjusted their lives and developed 
healthy intellectual interests. 

A slight knowledge of mental hygiene would often make it 
easier for the teaching staff to understand that pronounced cases 
of mental disorder, now occurring all too frequently among the 
students, exhibit mental peculiarities that are not in any way specifi- 
eally different from those met with in the average person. The 
little personal prejudices, obsessions, fixed ideas and various com- 
plexes from which we all suffer differ merely in degree but not in 
kind from those occurring in psychotic conditions. If then, it is 
to be a function of the teacher to assist students to develop mental 
poise, to keep their minds as free as possible from prejudices and 
obsessions, and to give assistance in cultivating the special emo- 
tional attitudes towards life favorable for the growth of genuine 
culture, attention should be given to the pronounced disorders in 
order that the educator may be familiar with the forces shaping 
the organization of every personality. 

I shall not say very much about the incidence of mental dis- 
orders among the undergraduates in our universities. That is a 
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topic deserving special treatment. Before I leave this subject, 
however, I wish to say that the occurrence of pronounced mental 
trouble during the university period and the indications in other 
eases of serious trouble brewing, if difficulties in adjusting life are 
increased above a certain point, is very much greater than I had 
any idea of before undertaking these studies.! There is no reason 
to be alarmed in regard to the present rate of incidence of mental 
disturbances among the undergraduates, as we have no figures to 
indicate whether the curve is rising or falling. The presence, how- 
ever, of such a relatively large number of cases in itself is a very 
serious problem. It is just one more indication of the fact that 
man is paying an absurdly high price for what we call modern 
civilization. 

One result of ten years’ study of the emotional and mental life 
of university students has made it very clear that what is needed is 
adequate provision to make a careful correlation of the physical 
and mental characteristics of one or two classes of students observed 
during the four years of undergraduate life. I feel confident that 
if adequate provision were made for completing a research of this 
character it would be one of the most valuable contributions that 
could be made to education. 

During the period devoted to this research the members of the 
staff engaged in the work would be receiving a very valuable train- 
ing that would enable them later to carry on the work in other 
universities, colleges and schools. Already there is great need for 
investigators trained in the methods of psychobiology to organize 
and direct the work in various institutions. At present I have 
been unable to recommend candidates with the training and ex- 
perience essential for studying the problems of human behavior and 
conduct to three university presidents, and at least a score of promi- 
nent directors of schools who have expressed their intention of 
starting work along the lines I have indicated in the institutions 
they represent. 

The establishment of departments in our universities for dealing 
with the problems of human behavior and conduct would accom- 
plish the following objects: 

(1) Indicate that at last the chief study of mankind has been 
recognized as the study of man. 

(2) Make provision for discovering the signs of mental disorders 
occurring in students at a time and under conditions when treat- 

1I wish to take this opportunity of expressing to Dr. Joseph Raycroft 
director of the department of physical education and hygiene, and his asso- 
ciates, as well as to Dean Howard McClenahan, of Princeton University, my 
appreciation of the assistance they have given me in making these studies. 
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ment would often prevent tragic occurrences and give the pati: 
a much better chance of making a satisfactory readjustment 


living. 

(3) Assist students to correct many of the personal peculiari 
and unfortunate habits that so often stand in the way of th 
securing more solid satisfactions, genuine pleasures and ecreater 


efficiency in living. 

(4) Bring home to educators the vital importance for our civ] 
zation of getting completely away from the present academic ; 
tude of stressing the importance of measuring merely the quant 
of facts students have accumulated, and of paying so little att 
tion to how a student thinks and above all how he meets the exie 
cies of actual life. 

To any one at all familiar with the rather narrow views on edy 
cation now frequently expressed by the intellectuals, it is appar 
how important it is to turn our attention to the biological signifi- 
eance of education. 

If the information relating to the individual student’s educa 
tional problems, which is now on file but relatively seldom used, 
were applied, some important results might be expected. In the 
first place, the student would receive from academic authorities 
more intelligent assistance than he does at present in the adjust- 
ment of his personal problems. In the second place, the study of 
individual cases would assist the instructor to acquire a new and 
very much broader interest in the development of teaching as a 
fine art. A practical result of paying as much attention to elevat- 
ing the standards of teaching as is now done to raising the stand- 
ards of examination would make it possible for students intending 
to enter professional schools to do this much earlier in their careers 
I believe that if sufficient attention were given to improving the art 
of teaching and in aiding the student not to accumulate informa- 
tion but to improve the character of his mental processes, at least 
two years could be saved those entering professional schools. 

For the past two decades there has been a constant effort made 
to raise the intellectual standards in the university that is out of 
all proportion to the attention paid to raising the standards of 
teaching. Probably the medical schools have been the worst offend- 
ers in this respect. The officials have made the naive assumption 
that the introduction of laboratory and clinical methods has been 
an indication of improvements in the art of teaching. Of course, 
to a very limited extent this is true, but in the medical schools as 
well as in other departments of our universities educators are still 
obsessed with the notion that man can afford to fix his attention 
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on the goal in view without giving equal consideration to the means 
whereby the end is reached. The high rate of incidence of insanity, 
the great increase of functional nervous disorders, the marked ten 
dency of large numbers of people to dodge reality by taking refuge 
in absurd forms of mysticism, the astonishing exhibitions of fear 
of self, exhibited in hysterical eagerness to over-emphasize social 
relations and to use communistie cravings as blinds to eonceal a 
defective sense of individuality and seriously disorganized per- 
sonalities are all tragic evidences of what we must expect to pay 
for thinking so little about the means we use to get an education 
and to become civilized. The formal recognition of mental hygien 
by our universities will at least indicate the willingness of educa- 
tors to listen to the question whether it is not worth while before 


it is too late to take more intelligent steps to conserve the brain- 


power of our race. The fact that society is coming more and more 


to rely on prohibitive restrictions to direct the stream of human 
energy should be recognized as a danger signal of startling signifi- 


cance. 
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STABILITY 


By Professor T. WINGATE TODD 
WESTERN RESERVE UNIVERSITY 


INHERENT conservatism and extreme reluctance to change or 
even to contemplate change in any time-honored belief or institution 
—this is the charge upon which modern mankind is thrust into t 
dock. The indictment is made with vigor and forceful originality 
in James Harvey Robinson’s ‘‘Mind in the Making.’’ And much 
of the heart-searching among thoughtful people of to-day, pro- 
gressive and conservative alike, revolves around this very problem. 
The question of the author is the question which every one is asking 
himself in these times of unprecedented complexity, ‘‘How are w 
to rid ourselves of our fond prejudices and open our minds?’’ 

I do not presume to answer this question or even to assume 
knowledge of the direction in which the answer probably lies. That 
is for the future. But one phase insists in thrusting itself forcibly 
upon my attention, namely, how is it that an attribute, once most 
significant for man’s progress, may in time become a positive 
menace to his welfare and his true development? 

There is no doubt that this is precisely what has happened, 
although in the realm of the mind, with our present knowledge, it 
would be a thesis difficult to prove. Perhaps in this very conserva- 
tism lies the essential difference between man and other living 
things. It is not without reason that man has put himself upon a 
pedestal, has come to consider himself a creation apart, as some- 
thing very ~pecial among the various forms of life upon the earth. 
But when he tries to explain wherein this difference really lies he 
is inarticulate. One can identify the faces of one’s friends but 
finds it difficult to describe them; likewise one feels sure that there 
is something different about man but can not define in set terms 
what this difference is. 

Of course one may say that psychologically man is ‘‘different.”’ 
Our standards of psychological measurement are, however, still 
obscure and observation along this line difficult and many times 
uncertain. But nothing is more sure than that body and mind are 
indivisibly bound together and for this reason I am attempting to 
define the difference physically. 

During recent years it has fallen to my lot to study rather in- 
tensively the variability in pattern of man’s bodily features and, 
in order to have some standard of comparison by which this varia- 
bility may be judged, I have found it instructive to use as a contrast 
the variability in pattern of the bodily features of other forms of 
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life which are at least similar in design. It must be understood 
that in using the body of the anthropoid ape by way of contrast we 
are, for the moment, assuming nothing regarding origin. We are 
bound to admit that both man and the anthropoid share life in 
common, that both are warm-blooded and that they bring forth 
their young in the same manner. Beyond these facts our argu- 
ment carries us no further in the present discussion. We can not 


speak solely in terms of absolute values: we must have some stand- 


ard of comparison: and there is no better or surer standard of com- 
parison by which we may point the contrast. 

The example which I propose to take as a test is drawn from 
the very core of man’s physical being, namely, the character of the 
vertebral column, a feature which every one would admit is ancient 
and fundamental. In the chest and loins of a man’s body there 
are, aS a rule, seventeen separate bones or vertebrae. But if we 


VARIABILITY IN NUMBER OF THORACICO-LUMBAR VERTEBRAE. 
90 
70 


50 








iS (617 15 16 17 5 1617 18 16 17 18 17 18 19 
ORANG GORILLA CHIMPANZEE MAN GIBBON 


enumerate the bones in a large number of human beings, we find 
some people who have, not seventeen, but sixteen or perhaps eight- 
een vertebrae in this region. This variability in itself is rather 
striking, for we have reason to believe that the earliest mammals to 
make their appearance on the earth had nineteen, whereas certain 
mammals of to-day have more than nineteen, but others have less. 
We are not to emphasize, at the moment, the significance of this 
passing observation. Our immediate problem concerns itself solely 
with the amount of variation in man. 

To render clearer the variability in number of thoracico-lumbar 
vertebrae found in man, I append a chart showing in black columns 
the percentage of individuals possessing, respectively, sixteen, 
seventeen and eighteen. The series upon which these observations 
were made totals about 850 skeletons; there is no doubt therefore 
of its essential accuracy. The percentage of individuals possessing 
eighteen vertebrae in chest and loins is very small and the per- 
centage with sixteen is negligible. Now for comparison I have in- 
cluded black columns analyzing the similar bones in existing anthro- 
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poid apes. The difference between all these anthropoid figures and 
that representing man is sufficiently distinct. The characteristic 
of man is his stability of pattern contrasted with the instability of 
pattern in the anthropoids. In other words, this means that man 
differs from these creatures, not so much in his physical features 
striking though even this difference may be, but he differs from 
other creatures in being able to retain a definite bodily pattern, 
He has not simply attained an ascendancy among living things, but 
he has been able to maintain that ascendancy and transmit the 
ascendancy to his offspring with an assurance far beyond anything 
seen in other creatures. Here, then, is the secret of man’s origina] 
success. His constancy of pattern, his hereditary retention o! 
bodily perfection, as the French style it, has given him his para 
mount position in the world of life. 

When we assure ourselves that mankind is a creation apart, has 
characteristics which clearly differentiate him from everything else 
that breathes, we unconsciously refer to this hereditary stability, 
eall it dependableness, if you will, which undoubtedly is character- 
istic of man’s mind, as it certainly is a dominant feature of his 
body. It is the fly-wheel by which, in the past ages, his progress 
has been rendered orderly and continuoas. 

Let us refer once more to Robinson’s stimulating essay: 


There is some reason to think that the men who first transcended the animal 
mind were of inferior mental capacity to our own, but even if man, emerging 
from his animal estate, had had on the average quite as good a brain as those 
with which we are now familiar, I suspect that the extraordinarily slow and 


hazardous process of accumulating modern civilization would not have been 
greatly shortened. Mankind is lethargic, easily pledged to routine, timid, 
suspicious of innovation. That is his nature. He is only artificially, partially 


and very recently ‘‘ progressive.’’ 


Exactly. The very characteristic which has made man what he 
is now menaces his further progress. Lethargy and routine are 
mordanted in his very bones. And yet in spite of this we are wit- 
nesses to-day of an extraordinary versatility and energy of mind as 
though the mind had suddenly shaken off the lethargy which char- 
acterizes the body; of a groping into regions of thought and possi- 
bility unexplored. What wonder that society is sick. But there is 
ground for optimism. The ever-spinning fly-wheel may and prob- 
ably will result in many a troubled and anxious year. The con- 
servative mind will be pained beyond measure and the progressive 
barely maintain his patience. But in the end, upon this solid basis 
of control which is man’s special inheritance, there will be built a 
better understanding, a larger and more tolerant comprehension of 
those fundamental truths by which alone our bounding civilization 
shall adjust itself to the immutable facts of life. 
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WHY I TEACH EVOLUTION 


By Professor WILLIAM PATTEN 


DIRECTOR OF THE FRESHMAN COURSE IN EVOLUTION, DARTMOUTH COLLEGE 


Ir is often said that the moral and religious effects due to the 
teaching of evolution are disastrous; and even if this is not the ease, 
that evolution, in itself, is not a suitable diet for college freshmen. 
As our experience does not confirm either of these assertions, it may 
be worth while to state why and how we teach evolution at Dart- 
mouth. 

For the sake of simplicity, and to assume undivided responsi- 
bility for this statement, I shall usually speak in the first person. 


In the first place, I teach evolution because, in the practically 
unanimous opinion of those who in one way or another have devoted 
their lives to the study of nature-action, evolution, or world-growth, 
is the only logical and unifying concept of natural phenomena 
there is. 

It is a concept that not only helps us to understand what is going 
on within us and about us, but one that is constantly leading to new 
revelations in every field of human thought and practice. It is the 
one basic idea implied, or specifically expressed, in every phase of 
college and university teaching. 

It is essential, therefore, that every young man at the outset of 
his college career should understand what that idea is, what are the 
chief facts on which it is based, and what are some of its social, 
ethical and religious implications. 

In the second place, I teach evolution because I am confident, 
and it is a confidence fully justified by long experience, that the 
teaching of evolution is the only way to bring back a living God 
into those fields of human thought and experience from which 
the teachings of ‘‘high-brow’’ philosophy and ‘‘low-brow’’ religion 
are excluding Him with extraordinary thoroughness and rapidity. 

For there are only three basic concepts of the universe that are 
possible ; either the world stands still in its tracks, as it was made 
and now is; or else it is going, sooner or later, to destruction; or 
else it is growing or moving onward in a unified, evolutionary way 
to what we call higher and better things. 

I can not see how there could be any evidence of God in a world 
that is stationary ; and certainly not in a world that is on its way to 


destruction. If I believed in either of these alternatives, I can not 
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see how I could have any faith in the existence of a living God, or 
any worthwhile purpose in life. 

On the other hand, the manifold evidence from all branches of 
science and from everyday human experience that the world is a 
living, growing world, everywhere and always unified by ‘‘natura] 
laws,’’ is to me the surest and the only available evidence that 
there is a God-like method and a God-like purpose in it all. 

Thus the study of the ever-marvelous phenomena of evolution. 
done with a full appreciation of their deeper significance, should be 
the very best way of strengthening religious feelings and unifying 
social purposes. And that is precisely what it does do, according to 
the practically unanimous testimony of a surprising number of stu- 
dents who had already begun to call themselves hopeless and aimless 
‘*atheists,’’ as well as those who were firm believers in the conven- 
tional doctrines of Christianity. 

It is evident that without some hopeful, common-sense philoso- 
phy of life to vitalize and coordinate our educational system, root 
and branch, with a convincing and consistent terminology, that sys- 
tem will be fruitless and ultimately self-destructive. For without 
it, the more we learned the less we would know. Its highest teach- 
ings would culminate, as indeed they too often have culminated, in 
nothing but moral uncertainty and agnostic suicide. It would be a 
despairing confession that civilization has reached the end of its 
rope and is doomed to a crashing disaster commensurate with the 
magnitude of its super-structure and the inherent weakness of its 
foundations. 

The mind refuses to contemplate the horrors of that disaster or 
the hopeless task of again climbing out of a bottomless pit of ignor- 
ance, only to rediscover that life can not logically justify its own 
existence, and that, after all, it is not worth the effort. 

The third and perhaps the principal reason I teach evolution is 
because the methods of evolution exemplify the successful usage of 
the highest ethical and moral principles. They show us the ideal 
methods of democracy and of Christianity in successful operation 
on a universal scale. 

Evolution, indeed the very essence of evolution, as we under- 
stand it, is a democratic, creative process that has been going on for 
an infinitely long time; it is still going on all about us, and in it 
we must play our own parts in cooperation with all its other work- 
ing members. It is our supreme privilege, as intelligent beings, to 
understand something of its working principles ; but we must under- 
stand them to some extent rightly before we may hope to use them 
successfully in our own creative efforts, of whatever nature they 
may be. 
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It may seem presumptuous to say that many scientists, as well 
as the vast majority of intelligent laymen, do not rightly understand 
what evolution is or what the working methods of evolution are. 
The facts, however, clearly point to that conclusion. Scientists 
themselves are largely responsible for this unfortunate situation. 
They have been too much absorbed in their own little fields of work ; 
and few of them look beyond those fields, or take the trouble to tell 
in untechnical language what they have discovered, or what, if any- 
thing, they think about evolution as a whole. They have left all this 
summarizing and simplifying for the layman to work out for him- 
self, as best he may. But they are now beginning to recognize their 
obligations to youth and to ‘‘the man in the street,’’ as well as to 
themselves, and are trying to fulfil them. 

A brief panoramic view of the whole subject of evolution, such 
as we give our freshmen, simplifies, after their first amazement, 
many of their most perplexing problems, and clarifies our own ideas 
in a surprising way. For when we inspect with the instruments of 
science the infinitely large affairs of the heavenly bodies, as well as 
the infinitely small affairs of atoms and molecules, plants and ani- 
mals, we readily get the impression that there is a lawful continuity 
of action in the administrative methods of nature and an insistent 
trend or drift in the creative results which is clearly indicative of 
some sort of creative purpose. And eventually, in spite of our prej- 
udices, we are compelled to believe that that purpose is the bringing 
of organic life, of consciousness and intelligence into being on this 
planet and on many others. 

And finally we begin to realize that that purpose is actually ac- 
complished by the cooperation of a multitude of different yet in- 
separable, ‘‘actors’’; by many workers or servants, great and small, 
“‘living’’ and ‘‘dead,’’ each one, according to its kind, helping and 
controlling the others in a universal service for that one creative 
purpose. 

And so we see enacted before those ‘‘eyes’’ which science gives 
us the universal democracy of the idealist in its living and growing 
reality. It is not surprising that freshmen are so intensely inter- 
ested in this great creative drama or that they so readily perceive 
its moral and ethical significance. 

We begin the course with a warming up discussion of the more 
familiar aspects of growth, such as that of a college or some other 
similar institution. In this pioneering overture, the purpose of the 
course is explained, its contents outlined and the keynote to the 
moral treatment of the subject is emphasized. 

It is hopefully assumed that with a little insistent pressure the 
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point of this subsoil plow will eventually penetrate the cold gumbo 
of the freshman’s mind deep enough to break up its hardened crusts 
of prejudice and prepare a naturally fertile soil for further eytj- 
vation. 


The next part, called the ‘‘ Evolution of the Physical World and 
the Preparations for Life,’’ briefly describes how the scientist 
makes his discoveries, the instruments he uses for that purpose and 
what those discoveries mean to him. It tells why the impression js 
gradually born within him that the physical world is a growing 
world. It shows that the same elemental agencies, or protons and 
electrons, atoms and molecules, which play such an important part 
in the upbuilding of suns and stars are the same agencies which are 
ultimately used in the upbuilding of living plants and animals: the 
same ones that provide suitable homes and foods for their continued 
existence ; and the same ones whose chemical activities, whose rhyth- 
mice and radiant emanations, such as light, heat, gravity and elee- 
tricity, direct and control in an orderly way their inner life and 
their behavior. 

From this preliminary study of the physical universe we readily 
get the impressions that there is an underlying similarity in the 
make-up and mode of action of the entire universe; and, in spite of 
what at times may appear to be utter confusion, with apparent]; 
no other government than ‘‘chance’’ or accident, that there is after 
all a resultant order and lawful administration throughout al! its 
affairs. 

We find that there is no measurable gain or loss of creative 
power in this administrative business. The only recognizable gain 
is in rightness, or in those more constructive ways of doing things 
that we call growth or evolution. We find that the old bugbears of 
materialism and mechanism finally vanish in those plus and minus 
symbols of creative energy called protons and electrons, which in 
the last physical analysis make up the so-called ‘‘material’’ universe. 
And finally we come to realize that as the silent night, through the 
instrumentality of the radio, now speaks to us in a multitude of 
intelligible voices, so through the instrumentalities of science, the 
‘‘dead’’ physical universe now speaks to us in intelligible and in- 
spiring terms. 

This is not the old, unconvincing mystery of the watch and its 
maker; it is the clear revelation of a universal creative method. If 
we may not say that this primeval upbuilding of chemical and celes- 
tial bodies was ‘‘intended’’ to serve as the ways and means of a 
life to come, we may at least say that the whole process of physical 
evolution has no other intelligible meaning. For it is manifest that 
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without these particular agencies, or even with any measurable 
modifications of their peculiar qualities and proportions, proto- 
plasmic life would be impossible on this planet or on any other. 
And so here, if anywhere, the making and the adequate furnishing 
of many mansions for eternal life is convincingly revealed. 

Under such conditions, life in due season made its appearance 
on this earth, plants fitting themselves to the life-giving resources 
of the sunlight, the air, the waters and the soil ; animals fitting them- 
selves for a more roving life within the prescribed limitations of 
their terrestrial habitats. 

And then these two great kingdoms of life, each one so different 
from the other, intermingled in one great democratic social life; 
each kingdom, like man and wife, being dependent on the other for 
the fulfilment of its own creative possibilities; and each and every 
member performing for the others, in its life, or in its death, an 
amazing variety of essential services. 

From this more remote, unprejudiced point of view, the little 
tragedies of human life gain new significance; for the bodily sacri- 


fices or the expenditures of materials and energy essential to any 
bodily service are seen to be an essential phase of life itself. Thus 
the significant fact is foreshadowed that effort, pain and suffering 


and the successful overcoming of difficulties is essential to that tri- 
umphant aspect of beauty we so much admire, and to that feeling 
of well-being and of well-earned success we call happiness; that 
even death itself is a spur to life; and that, in spite of death, life 
really exists and thrives in all its beauty and with all its glorious 


possibilities. 


The second part deals with the more important stages in the 
further evolution of plant and animal life; and the third with the 
evolution of human life and culture. 

Organic evolution is the subject generally in mind in discussing 
evolution, and it is the one least understood and most grossly mis- 
represented by the popularizers of science. 

Such writers seem to take a special delight in unbridled exag- 
‘vitalistie’’ 


geration. They may depict life as something wholly 
or wholly materialistic or mechanistic; or as a ‘‘bloodthirsty’’ 
struggle for existence that is governed by nothing but brute force 
and pure selfishness; or as a heavenly peace where no one or any- 
thing works except man; or they may picture animals, including 
man, as mere Jumping-jacks made of immutable germinal corpuscles 
pulled by immutable hereditary laws. They like to call themselves 
special advocates, or opponents, of Darwinism, or Lamarckism, or 
Weismannism, or Mendelism. 





640 THE SCIENTIFIC MONTHLY 


But life is not as simple as these rigid formulas imply. We try 
to show that all these ‘‘isms’’ and many others play their appro- 
priate parts in various ways and in various degrees. 

For plant life and animal life, whether conscious or unconsecioy 
is much like our own. It is a tangled web of success and failure. 
tragedy and comedy; with the freedom of trial and error and the 
bondage of enslaving circumstance; with exhausting, killing work 
and restful, regenerative leisure. It may have the cold placidity , 
ocean depths or the rushing, sunlit excitement of mountain tor 
rents. It is governed by internal biochemical and ‘‘mental’’ agen- 
cies, and by external agencies, cosmic, climatic, geographic and 
social. It displays the perfection of mechanistic and economic de- 
vices and the wildest extravagance; utter selfishness and supreme 
altruism. All things that live are animated with their own little 
purposes and all are buffeted about apparently to no purpose. But 
ultimately the supreme purpose of life and of evolution is accom- 
plished. 


A living body is a little, active system existing within and 
sustained by an infinitely large environmental system. And so 
the chief problem of animal life is to select, so to speak, a definite 
plan for the upbuilding and progressive improvement of its own 
body, a plan that will always be in workable or cooperative har- 


mony with that of its environments. That body, therefore, 
should always be sensitive to its environments and adaptively 
adjustable to them. In other words, it should have the greatest 
possible locomotive powers or freedom of action, and it should 
be self-feeding, self-steering and self-perpetuating. 

But to attain that end, the body must be architecturally 
oriented in all its structural details, as well as in its main plan, 
to the great, directive and controlling agencies of its outer world, 
such as light, air, gravity and food supplies, so that it can rightly 
respond to their informing influences. Otherwise it would not 
be able to discover, to capture and to assimilate its necessary 
food supplies or to avoid disaster. And finally it must always 
keep its combustion fires burning and make some profit out of 
the business of living. Otherwise the evolutionary progress of 
life would be impossible. 

There are many different ways of upbuilding multicellular 
organisms, each one producing a characteristic ‘‘type’’ of bodily 
architecture, such as spherical, branching, disc-like, radial, spiral 
and ones that are variously distorted or crooked. 

But such ‘‘structural’’ plans, even after many millions of years 
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of experimental trial, have produced but little in the way of progress 


and evidently can maintain life only on its lower levels. 

There is only one plan that has met all the requirements of con- 
tinuous life and progress. That is the triaxial-gradient plan or 
symmetrical growth in three right-angled planes. It produces 
bodies of six different sides (right and left, head and tail, neural 
and haemal), in which no two points will ever be exactly alike, how- 
ever small the body may be in the beginning, or however large and 
complex it may ultimately become. 

This basic plan, which is capable of the greatest variety of ad- 
justments adapted to special conditions, has persisted through many 
geologic eras. The more important internal adjustments that have 
been made to meet the new requirements of bodily growth gave rise 
to that long series of animal classes, such as certain worms, arthro- 
pods, fishes, amphibia, reptiles and mammals, which were the more 
immediate products of those adjustments, and which show us, class 
by class, the great upward steps in the development of that plan and 
in the development of man’s bodily structure and mental powers. 

When we survey this long genetic series, the most impressive 
fact to the student of comparative anatomy and physiology is the 
essential identity of the great systems of bodily organs and their 
component parts throughout the entire series. 

The main improvements that have been made from time to time, 
such as for example a one, two, three or four chambered heart, are 
what chiefly distinguish one class of animals from another. They 
may appear in themselves as trivial anatomical details, but they are 
just the kind of adjustments any good engineer would have made 
to meet the new demands of the time, without seriously interrupting 
the continuity of vital service. Hence if the basic plan was essen- 
tially right in the beginning, and the working materials fit for the 
purpose, these readjustments may be made indefinitely, with the 
assurance of getting better results in accordance with the rightness 
of each readjustment. 

And that apparently is the way organic evolution is accom- 
plished. For there is always a ‘‘new demand’”’ to meet the new con- 
ditions produced by preceding achievements. And it is just be- 
cause those demands are fulfilled or because certain adjustments are 
made which do have great functional and creative value that a new 
and higher class of animals quickly comes into being, with still other 
demands and with still other creative possibilities. 


But organic evolution is not all mechanistic, in this narrower 
sense. It does not solely consist in the upbuilding of organized ani- 
Vol. XIX.—41 
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mal bodies. Each animal is itself a working unit in a worldwide 
social organization. In this more fluid social life fixed architectyra) 
patterns are less in evidence, although the economic principles of 
mutually sustaining services are there as immutable and as much 
in evidence as in the anatomical architecture of the individual or. 
ganism. 

Moreover, hand in hand with the upbuilding of organized anima) 
bodies and of organized social bodies, those qualities gradually 
emerge from the alchemy of life which, for lack of a better name. 
we may call spiritual qualities. They successively emerge, but from 
no particular part and without any definite cleavage planes, as 
various degrees of purposeful reactions, bodily and social, such as 
instincts, intelligence and consciousness. 
these qualities in materialistic terms. Yet we can not divorce them 
from material things, for they are apparently the riper products of 
architectural organization and in turn are knowable only so far as 
they have a measurable or fruitful influence on the structure of 
such things. 

These more complex animal instincts and social reactions are 
marvelously effective in the grand strategy of evolution, even though 
in the special emergencies of individual life they may be as trag- 
ically ineffective as the fluttering of a bewildered moth in the allur- 
ing light of a candle or the puttering of a negatively heliotropic 
senator in the light of international peace. Nevertheless, these less 
adjustable instincts have insured the perpetuation of life and prog- 
ress, and they have prepared the way for the birth of intelligence 
that may be used to advantage in just such emergencies. But 
human intelligence, if it happily exists in an appreciable degree, is 
only a supplementary addition to instincts, not a substitute for 
them. 

In fact, intelligence, in spite of its frequent abnormalities and 
‘‘metaphysical’’ absurdities, is merely a more adjustable reaction to 
environments than hearing or seeing or instincts. It is a new, syn- 
thetic awareness that adds a new logical control to the steering gear 
of animal behavior. It is the crowning but still acid fruit of life, 
which serves to put life into wider communication with its environ- 
mental Creator. 

Imagine, if you can, human beings that are merely intelligent, 
and just because of their intelligence, let us say as shopgirls, priests 
or professors, voluntarily surrendering their possessions to their 
betters, or joyously sacrificing their lives for the sake of prospec- 
tive babies and posterity. You may easily imagine many familiar 
voices exclaiming ‘‘ Well, I should say not! No surrender to babies 
and posterity in mine, just yet, if you please.’’ 
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And yet that is precisely what life has done for untold millions 


of years without intelligence and still does in spite of intelligence. 


3ut it is done only under the secret compulsion of all those ‘‘mech- 
anistic’’ reactions, appetites and passions, of all those animal in- 
stincts and selfish ambitions, the fulfilment of whose imperative 
‘‘demands’’ makes the self-sacrifice of altruistic services the chief 
aim and the chief pleasure in life. 

These grosser animal mechanisms, therefore, have their strategic 
purpose, and it was essential to perfect them and to establish their 
supremacy before the more ‘‘fickle will’’ of man could be safely 
allowed to assist in the operation of his own body or before his more 
spiritual ideals could attain their maturity. A jellyfish probably 
has no spiritual ideals, but if it had all the wisdom of the prophets 
and the ideals of a Sir Galahad, it would still have to pursue its 
ideals in uninspiring waters and fight its battles with gelatinous 
tentacles. 


One of the very great achievements of modern biology was the 
revelation of the basic mechanism of heredity. This was largely 
due to the earlier discoveries of the microscopic architecture of the 
germinal elements, their lawful behavior in the initiation of a new 
life and their extraordinary stability in a great variety of condi- 
tions. At a later period it was discovered that these germinal phe- 
nomena could be mathematically correlated with the laws of inheri- 
tance, and that certain inherited characters of the adult organism 
might be logically interpreted as resultant products of certain cor- 
puscular units having a definite quality and number and a definite 
location in the germ cells. 

And now the biologists, with astonishing assurance and success, 
are beginning to map out on the minute germinal threads called 
chromosomes the distribution of these ‘‘ germinal units’’ (which are 
somewhere near the order of magnitude of the larger molecules) 
and to correlate them with hereditary ‘‘unit characters’’ of the 
adult organism. 

That is, the biologists are now doing much the same sort of 
thing the physicists and chemists do when they ‘‘correlate’’ atomic 
structures and action with their resultant products, such as light 
and other radiant activities. 

But these stabilized ‘‘germinal corpuscles’’ and rigid Mendelian 
laws of the modern science of genetics do not make life a purely 
germinal mechanism nor do they preclude the existence of still 
other stabilizing and controlling agencies of a more general char- 
acter. In fact, they make their existence more clearly imperative. 
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For no germ could exist, however righteous or perfect it might he 
in itself, without the right kinds of environmental soils to grow up 
in and to grow up with. 

And so organic genetics, in its narrower meaning, is only a very 
small phase of a universal system of evolutionary genetics, in which 
many different classes and orders of rightly stabilized heritages, 
cosmic, terrestrial, organic, germinal, parental and social, play their 
directive and controlling parts. 

Indeed, one of the most instructive lessons of organic evolution 
is the gradual development of an elaborate system of parental pro- 
vision, in which all bodily agencies, such as muscles, nerves, blood, 
bones, instincts and intelligence, cooperate to provide better ways 
and means for the growth of the purely germinal elements. 

From era to era and from class to class, up to man, we may see 
with most impressive clearness the progressive enlargement of the 
nervous system and many adaptive modifications of mental and 
bodily powers, as if they were made for the sole purpose of giving 
greater abilities and greater freedom of action to parents, in order 
that they might use those powers for the better administration of 
their germinal affairs. We see the body making larger and larger 
food provisions for the germ, and enclosing both the germ and its 
food supplies of eggyolk and albumen in more ingeniously con- 
structed containers. We see the parents using better ways to broad- 


east their eggs or hiding them in more secret places or making 

better nests or homes in which to incubate or nurse them. And 

when the young are liberated from their more rigid, disciplinary 
cr 


confinement, we see the parents foraging for them, protecting, guid- 
ing and educating them to the utmost of their ability, mental and 
bodily. 

Thus the parental body, with all its varied powers and resources, 
is as much a working heritage for the germ as the germ is for the 
body. 

But even that is not the whole story. For hand in hand with 
the evolution of these bodily and germinal powers goes the evolu- 
tion of the broader and looser web of social life. And there, with- 
out regard to the ties of kinship, high and low, old and young, 
plants and animals play their respective parts in cooperation with 
one another and with their physical environments, to form one great 
ecologic system of mutually profitable exchange. 

All these enlargements of life, therefore, are the products of 
some kind of cooperative exchange which, on the whole, has been 
mutually profitable. The peculiar give and take of cellular life or 
the biochemical upbuilding, unbuilding and exchange involved in 
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every protoplasmic act is called metabolism. It is the very essence 
of continuous vital action. On a larger scale, the metabolism of 
ereating, destroying and preserving social individualities and the 
profitable exchange of social products is the essence of social life; 
and on a still larger scale, a similar metabolism is the essence of all 
the changing phenomena of nature-action, including the making 
and destroying of such things as solar systems. 


Thus the real meaning of the pyramidal upbuilding of an inter- 
locking directorate of mechanistic heritages, cosmic, organic, ger- 
minal and instinctive, becomes apparent, for otherwise there could 
be no stable or righteous foundation for the crowning products of 
intellectual and spiritual life. 

And if we substitute ‘‘established law and order’’ for ‘‘mechan- 
ism,’’ for that is what that disreputable word really means, the 
moral and ethical significance of the entire system of evolutionary 
genetics is obvious. It is also obvious that the outstanding teach- 
ings of evolution are the same as the familiar teachings of religion. 
For the universal reign of law and order, which it has been the spe- 
cial privilege of science to reveal, is nothing more or less than the 
revelation that nature is a unified cooperative system and that those 
better results, called evolution, are only achieved through better 


mutual service by all its constituent parts and by their better sub- 
mission or adaptation to one another’s requirements. That is the 
essence of the moral and ethical teachings of Christianity as it is 
the essence of the moral and ethical teachings of evolution. 


And the law of ‘‘natural selection,’’ which is the essence of the 
much maligned ‘‘Darwinism,”’ is in reality the expression of a dis- 
criminating, selective action in nature, in effect identical with the 
discriminating disciplinary laws of religion. 

This disciplinary natural law merely means that whatever is 
fitting or right or true, whether it is physical or organic or vital or 
spiritual in its nature, shall prevail and shall yield its appropriate 
fruits. If it is not fitting or if it is not right or not true, it shall 
be fruitless and shall not prevail. 

In other words, truth has a saving power and a creative com- 
pulsion of its own. We call it the compulsion of intelligence. That 
is why man is compelled to seek the truth and to use it for his own 
salvation and betterment. And the doing of that is what we call 
science. But if we do not use the truth when it is discovered, if 
the truth when it is discovered does not make us work and direct 
our work, if it is not reverified in terms of human conduct, science 
will be sterile; it will neither bear its appropriate fruit nor have 


the vitality of reality. 
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Thus this compelling pragmatic law, which Darwin so eleay 
saw in operation in plant and animal life and which he calle. 
**natural selection,’’ is the same law that is so clearly expressed jy 
biblical teachings, as for example: 


And even now the axe is laid unto the roots of the trees: therefore « 
tree which bringeth not forth good fruit is hewn down and cast into th- 
fire. ... But the root of the righteous shall not be moved. 


Lowbrow fundamentalists and highbrow agnostics will please 
take note of the ‘‘even now,’’ and the reality of the ‘‘axe.’’ 


And so, if we attempt to summarize the creative methods of 
evolution and to estimate their directive influence on ourselves. 
physically and mentally, it is not surprising that the descriptive 
terminology of science inevitably changes into the moral and ethica! 
terminology of idealism or religion. 

This means that in the last analysis religion is merely a differ- 
ent name for science; the one being chiefly concerned with the im- 
measurable Oneness or Godliness of nature-action, the other with 
its measurable Manyness, or its distinguishable parts. But both, 
in their own distinctive ways, seek to discover, to interpret, and to 
utilize the same realities; and when that is rightly done they will 
be in functional agreement; that is, they will dictate to mankind 
essentially the same conduct and justify essentially the same faith. 

And science has already visualized the same realities as religion. 
For in the larger aspects of nature-action, the scientist everywhere 
sees in operation that natural trinity of creators, destroyers and 
preservers, with the selective law presiding over all, which all great 
religions have graphically symbolized, in one way or another, as 
living gods and demons, and which have always served to direct 
human thought and human behavior. And the whole tendency of 
science, as that of religion, has been to reduce these several agencies 
to one operating cause, or one God. 

Scientists everywhere see a certain individualistic variability or 
freedom of action in dead things and in living things, which even- 
tually leads to creative innovation and invention. But that freedom 
of action is always subject to some external limitation and compul- 
sion or to a restraining and guiding discipline which limits certain 
adventures by destruction and compels a more lawful and more 
righteous behavior. 

There is always in evidence the creation of a new order of things 
by the cooperation of those more durable instrumentalities called 
heritages. And since they are eventually utilized as aids to some- 
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thing else, that process has the essential attributes of sacrifice, 


benevolence and altruism. 

There is always in evidence some selective destroying, correcting 
or renovating of what is no longer fitting or adapted to the new 
order of nature ; and always some selective stabilizing or preserving 
of the more righteous ways of doing things, which, because they 
are more righteous, are more fruitful or creative. 

In accordance with our respective temperaments and the scope 
of our vision, some of us can see and can wisely profit by our seeing 
some one of nature’s metabolic trinity at work much more clearly 
than either of the other two. Few of us can duly appreciate all 
three of them, especially when the destroyer operates on our most 
cherished possessions. 

Thus science and religion offer the same incentives to action 
and have the same purposes to accomplish ; and science expresses in 
her more comprehensive formulas precisely what all the great re- 
ligions of the past and present have tried to express in their teach- 
ings, but without that sure and intimate knowledge of nature-action 
which science gives us and which is so essential to the truthfulness 
and sanity of any kind of religion. 

I repeat, there is no difference between what is vital in science 
and what is vital in religion. In fact, underneath, science is re- 
ligion and religion is science. The differences which cause so much 
confusion are in their protective coverings of dogmas, ceremonials 
and procedures. They are differences between people; between 
those with more or less scientific qualities of mind and those who 
have little or no such qualities. 

And so, it seems to me that the study of evolution as a whole 
more than anything else will help to minimize the antagonism be- 
tween religiously minded and scientifically minded people and will 
help them to work more peacefully and happily together. For 
young and old, for highbrow and lowbrow, the study of evolution 
makes life more significant and more beautiful. It justifies their 
faith and fortifies their ideals. It makes God a more imminent 
reality. It helps all of us to understand the purpose of life, and 
how to accomplish it. 

That is why I teach evolution. 
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THE PHYSICAL BASIS OF DISEASE 
V. FLUID ACCUMULATIONS 


By THE RESEARCH WORKER 


STANFORD UNIVERSITY 


‘As our fifth group of diseases,’’ continued the research worker 
as the train pulled out of Ogden, ‘‘I have selected diseases due to 
the accumulation of fluid or exudate in important organs or parts 
of the human body. Such fluid accumulations may give rise to a 
wide variety of symptoms.’’ 

‘‘That reminds me,’’ said the lawyer. ‘‘I have a fluid here that 
produces very agreeable symptoms. Will you join me?’’ 

** As we are about to enter the Utah desert,’’ said the manufac- 
turer, ‘‘it will be wise to do so.”’ 

‘The fluid that accumulates in the body in certain types of 
disease,’’ continued the research worker, ‘‘may vary from a clear, 
water-like material to thick creamy pus. In certain cases the fluid 
may be coagulated to a butter-like consistency. The fluid often con 
tains blood. In extreme cases it may consist almost exclusively of 
blood. The amount of fluid may vary from a few drops to several 
quarts. 

‘Probably the simplest example of fluid accumulation in ex- 
ternal parts of the body is the watery accumulation in the deeper 
layers of the skin in dropsy. Several pints of fluid can often be 
drained off from a dropsical skin by the insertion of a hypodermic 
needle. This fluid is usually nearly water-white in color, with no 
admixture of blood. 

** Aside from physical discomfort, the main significance of such 
a fluid accumulation lies in its indication of abnormal conditions 
in certain vital organs. Dropsy of the skin can be produced in ani- 
mals in a number of ways. The administration of certain toxic sub- 
stances, for example, will so injure the blood vessels that they no 
longer retain the fluid portions of the blood. There is a resulting 
constant outward leakage of fluid through the capillary walls with 
the production of dropsy of the skin and other parts. 

‘‘Other familiar examples of fluid accumulation in external 
parts of the body are the accumulation of pus in ordinary boils 
and pus accumulations in the joints in certain types of acute rheu- 
matism, particularly in gonorrheal rheumatism. Such pus accumu- 
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lations are readily reproduced in animals by injecting certain dis- 
ease-producing microorganisms. The pus so formed is often more 


or less mixed with blood. 

‘‘Pus is one of the most interesting biological products. It is 
strongly antiseptic, able to kill large numbers of disease-producing 
microorganisms. Its antiseptic power is about equal to that of one 
per cent. carbolic acid. Pus also contains digestive ferments, with 


which it is able to dissolve dead tissues. 

‘*A somewhat different type of fluid accumulation in external 
parts of the body is brought about by mechanical occlusion of the 
sweat ducts. Such occlusion occasionally produces numerous small 
bladder-like cysts in the skin, each filled with clear, water-like 
perspiration. Occlusion of the minute oil ducts occasionally causes 
deep-seated cysts in the skin containing white, putty-like, greasy 
masses. If untreated, such oily cysts or wens may reach enormous 
size. You have all probably known individuals with disfiguring 
wens on the scalp or neck.’’ 

‘The janitor in our office building has a wen the size of a fist,”’ 
said the lawyer. ‘‘ Refuses to have it removed on religious grounds. 
A queer customer. Wouldn’t allow his wife to be given chloroform 
during delivery. Said it was contrary to the Scriptures. ‘Children 
must be born in pain.’ ”’ 

**Religious objection to the use of chloroform in obstetrical 
work was common fifty years ago. Prominent clergymen preached 
against it. I believe there is no official objection on the part of the 


? 


church at the present time.’ 


9) 


— 


**Numerous examples of fluid accumulation are found in inter- 
nal organs. One of the simplest examples is abscess formation in 
the heart walls. If a small amount of pus from a boil is injected 
into a vein of a rabbit, so that the pus is mixed with the circulating 
blood, abscesses or boils will often form in the heart walls. If the 
rabbit is killed three or four days later, portions of the heart muscle 
will be found distended with pus. Why the infectious agent local- 
izes in the heart muscle, often without involving other parts of the 
body, is not known. 

** Abscesses of the heart muscle are occasionally found in human 
beings. Heart abscesses may heal spontaneously, the pus being 
absorbed or carried away by the circulating blood. In severe cases, 
heart abscesses so weaken the heart walls that rupture takes place, 
causing instant death. 

**A more common fluid accumulation in the circulatory system 
is fluid accumulation outside of the heart itself, in the sac or bag 
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in which the heart is suspended. This fluid may vary from a clear. 
water-like material to thick, creamy pus, often clotted to a butter. 
like consistency. The effects of such fluid accumulation in the 
heart sac are largely mechanical and depend upon the volume of 
the fluid. These effects are readily studied by injecting non-irritat- 
ing fluids into the heart sae of animals. With large volumes of 
fluid thus injected, the pressure outside the heart may be raised 
sufficiently to prevent the expansion of the heart, so that heart 
action practically ceases, death resulting almost instantaneously. 
Pus accumulation in the heart sae can be readily reproduced in 
animals, by injecting certain disease-producing microorganisms. 
With coagulated fluids in the heart sac there are often to-and-fro 
rubbing sounds produced between the heart muscle and the sur- 
rounding sac, sounds readily heard through a stethoscope. 

‘*The fluid in the heart sac may be completely absorbed and 
the heart restored to normal. With pus accumulations, however, 
absorption is often slow and incomplete. The heart occasionally 
becomes permanently adherent to the surrounding sac, even grow- 
ing fast to the structures outside the sac. Such adhesions cause 
serious mechanical interference with heart action. With each con- 
traction of the heart, the heart pulls inward on the adherent parts, 
lifting the diaphragm, retracting the chest walls, pulling downward 
on the trachea. An adherent heart must do several times its usual 
work to maintain a normal circulation.’’ 

‘*A perfectly hopeless condition to treat, 
turer. 

**It is a good illustration of the sort of thing a physician is 
often up against. There is no therapeutic agent that can conceiv- 
ably remove the scar tissue connecting the heart to the surrounding 
parts. Nor can these adhesions be influenced by direct mechanical 
agents such as massage. There are surgical ways, however, in which 
the handicap to heart action can be materially lessened. The main 
handicap of an adherent heart is the adhesion to semi-rigid struc- 
tures such as the ribs and breast bone. Adhesions to elastic parts, 
such as the lungs and diaphragm, is a less serious mechanical em- 
barrassment. Portions of the ribs and breast bone immediately 
over the heart can be removed surgically, leaving the heart covered 
only with elastic skin and underlying muscles. The heart is thus 
freed from its anchorage to rigid structures. This materially re- 
duces the resistance it must overcome on contraction. This opera- 
tion has been performed on numerous individuals with beneficial 
results.’’ 


>? 


said the manufac- 
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‘*Fluid accumulations also take place in the respiratory system. 
The simplest example is probably the accumulation of fluid outside 


the lungs in the chest cavity. The material so accumulated may 
vary from a clear water-like material to thick creamy pus. It may 
be mixed with varying amounts of blood. At times this pus may 
be coagulated or clotted to form a butter-like mass. The volume 
of the chest fluid may vary from a few drops to several quarts. 

‘*The effects of such fluid accumulations are largely mechanical. 
With large volumes of fluid, parts of the lungs ean no longer ex- 
pand, so that respiration no longer takes place in these parts. On 
account of the generous oxygen surplus in the blood, however, this 
does not become a serious matter till over half of the lungs are thus 
thrown out of commission. With coagulated pus, to-and-fro rub 
bing sounds may be produced between the lungs and the chest wall, 
sounds readily heard with a stethoscope. 

**On recovery, the fluid in the chest cavity may be completely 
absorbed and the lungs restored to normal. With coagulated exu- 
dates, however, the lungs often become permanently adherent to 
the chest wall. Probably the most unfortunate effect of such adhe- 
sion is the tendency of the scar tissue uniting the lungs and ribs 
to contract, pulling in on the ribs and hindering their movements. 
Marked deformities of the chest may result from this scar tissue.’’ 

**Can those adhesions be overcome surgically?’’ asked the 
lawyer. 

**Operations within the chest cavity are very difficult. The 
usual treatment of such cases is to try to prevent deformities by 
systematic exercise. The deformity of the chest can be largely pre- 
vented by this means. 

**In place of fluid, air occasionally accumulates in the chest 
cavity. This air may enter as a result of a wound in the chest 
wall. Or it may come from a ruptured or eroded bronchus. The 
lungs collapse more or less completely on the side of the chest con- 
taining the air. Blood passing through the collapsed portion of the 
lungs is no longer aerated. The resulting incomplete aeration of 
the blood does not endanger life. In fact, the artificial production 
of such partial collapse of the lungs by the injection of air into the 
chest cavity is occasionally resorted to as a therapeutic measure. 
Collapse favors the recovery of the lungs from certain local infec- 
tions such as tuberculosis. 

‘Probably the most common fluid accumulation in the respira- 
tory system is accumulation of pus in the lung itself. The pul- 
monary air sacs over large areas of the lungs may be completely 
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filled with pus. This is the condition known clinically as pnen- 
monia. The pus very often coagulates in the air sacs. On 
healing, this semi-fluid material is usually completely absorbed or 
thrown out as expectoration. Occasionally, however, absorption is 
delayed, the air sacs eventually becoming permanently occluded 
with solid masses of sear tissue. This portion of the lungs is, there- 
fore, permanently thrown out of commission.’’ 

‘‘T thought pneumonia was an infectious disease,’’ said the 
manufacturer. 

‘*The pus accumulations in the lungs are usually caused by the 
presence of disease-producing microorganisms. If certain micro- 
organisms are injected into the trachea of animals so that the micro- 
organisms are drawn into the air sacs on inspiration, pneumonia 
results, practically identical with the pneumonia of human beings. 
Recovery from pneumonia comes only after these microorganisms 
have been killed or otherwise rendered harmless.”’ 

‘*Is there anything in this new serum treatment for pneu- 
monia?’’ asked the manufaeturer. ‘‘The papers were full of it a 
few months ago.’’ 

**T believe it would be best to postpone discussion of treatment 
till we have taken up the various biological forces in the human 
body, tending to prevent or to overcome disease.’’ 


4 


‘‘Fluid accumulations are also common in the digestive organs 
and adjacent structures. Abscesses, for example, may form in 
almost any abdominal organ. They are particularly common in 
the appendix.”’ 

‘*T don’t see the Divine wisdom of putting such a useless organ 
as the appendix in the human body,’’ said the lawyer. 

‘The appendix is usually considered as a remnant of an organ 
that was of importance during the early evolutionary stages of the 
human race, but is no longer functionally active. Numerous other 
examples of apparently inactive ancestral remnants are present in 
the human body.”’ 

‘‘Our Boston friend would consider it irreligious to imply that 
the human body is not perfectly designed to its present needs,’’ 
said the lawyer. 

**One of the most striking fluid accumulations in connection with 
the digestive organs is accumulation of fluid outside of the intes- 
tines within the abdominal cavity. Large volumes of clear fluid 
may thus form as a result of mechanical interferences with the cir- 
culation by a diseased liver. Equally large volumes of clear fluid 
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or of pus may accumulate as a result of the local action of disease- 
producing microorganisms. If certain disease-producing micro- 
organisms are injected into the abdominal cavity of animals, the 
abdominal cavity becomes rapidly distended with pus, surrounding 
and bathing the intestines and pelvic organs. 

‘*As soon as these microorganisms are killed by the defensive 
mechanisms of the body or otherwise rendered harmless, the ae- 
eumulated pus is often completely absorbed, and the abdominal 
eavity restored to normal. Usually, however, temporary and often 
permanent adhesions take place. In extreme cases, all the organs 
of the abdominal cavity may be grown together in a solid mass. 

‘‘The formation of adhesions between abdominal organs may 
have very serious effects. Adhesions, for example, may be so situ- 
ated as to interfere with the proper movements of the intestines, 
causing delay in the passage of food material. The adhesions may 
even completely close an intestine at one or more points, completely 
preventing food passage. Such intestinal stoppage, of course, will 
allow the stagnant food material to undergo fermentation and 
putrefaction. It will eventually cause death if not relieved by 
surgical means. In the same way, adhesions may compress the 
excreting ducts from the kidney, preventing the carrying off of 
liquid wastes from the body. Or they may surround the female 
reproductive glands, producing sterility. 

** Accumulations of fluid or exudate may also take place within 
the digestive tubes. The most striking example of this is in Asiatic 
cholera. The microorganisms of this disease so irritate the intes- 
tinal lining that several quarts of fluid are often poured out into 
the intestinal canal. This fluid is usually expelled from the body, 
giving the characteristic watery discharge of cholera. The loss of 
fluid from the body is often so great that the body as a whole takes 
on a semi-mummy-like appearance. The blood becomes concen- 
trated, changing to a viscid fluid of almost tar-like consistency.’’ 

**Is it true that whiskey is the only reliable cure for cholera? 
asked the lawyer. ‘‘In a recent movie, the heroine contracted 
cholera. The hero dragged himself twenty miles with a broken leg 
to get her a bottle of whiskey. He thus saved her life.”’ 

**I have often wondered,’’ replied the research worker, ‘‘ why 
references to medical subjects in movies and in popular fiction are 
usually so out of accord with medical facts. The average screen 
physician is a brainless ass. He looks through the wrong end of a 


” 


microscope and makes impossible cures. The physician of popular 
fiction is usually equally absurd. As a pure business proposition, 
a competent medical critic should be employed by every publisher.’’ 
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‘* Accumulations of fluid also take place in the nervous system. 
A familiar example is hydrocephalus. The spinal cord, as you 
know, has a minute central drainage canal connected at the upper 
end with a series of drainage chambers in the brain. It occasionally 
happens that this drainage system is occluded, fluid accumulating. 
dilating the spinal cord or one or more chambers of the brain. 
This dilatation and distortion of the spinal cord usually gives 
sensory or motor disturbances. Dilation of the brain almost in- 
variably causes mental deterioration. 

** Another type of fluid accumulation in the nervous system is 
the accumulation of pus in the skull cavity immediately outside 
the brain. This is the characteristic picture of meningitis. The 
condition is readily reproduced in animals by injecting certain dis- 
ease-producing microorganisms. Part of this pus can readily be 
withdrawn by inserting a large hypodermic needle into the spina! 
canal. This is often done for diagnostic purposes. ’’ 

**Ts such an operation dangerous?’’ asked the lawyer. 

‘*Violent objection to this method of diagnosis was made in the 
earlier days. I believe the physician who first used this method was 
a professor in one of our big eastern medical schools. He stirred 
up such a rabid outery against ‘ Vivisection of children’ that he was 


requested to resign. This method of diagnosis is now used in all 
hospitals.’’ 

“We are about to cross Great Salt Lake,’ 
‘*Let’s adjourn to the observation car.’’ 


’ said the lawyer. 
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WHO PROFITS FROM SCIENTIFIC WORK? 


By Dr. F. C. BROWN 


BUREAU OF STANDARDS 


SoME years ago a prominent American citizen said that he was 
not so much concerned with the advantages of the Twentieth Cen- 
tury Limited as he was concerned with who rode on the Twentieth 
Century Limited. He desired that this special service train should 
carry passengers who were rendering an increased service to the 
public by virtue of the increased speed and comfort rather than 
gamblers, bootleggers, criminals and those who merely flit for a 
living. We have spoken much of the great savings accomplished by 
the national Bureau of Standards and by standardization generally. 
We have shown that the scientific work of the Bureau of Standards 
has resulted in improved brake linings for automobiles, which work 
has resulted in a saving of $15,000,000 annually in the cost of brake 
linings. It is easy to understand that the average pedestrian as 
well as the automobile driver has a greater safety on the road as a 
result of better brake linings, but who gets the $15,000,000 ? 

The question has particularly arisen with regard to the saving 
of wastes and losses resulting from the deletion of excess varieties, 
grades and sizes of commodities found in commerce. Manufacturers 
have recognized the enormous economic waste of excess varieties 
and are most cordial in the support of the Department of Com- 
merce in cooperating to eliminate unnecessary lines of commodities. 
They have agreed to cut 66 miscellaneous sizes of paving bricks to 
five standard sizes in common demand. Similarly, asphalt for pav- 
ing purposes has been cut from 102 to 10 varieties. Range boilers 
have been reduced from over 130 miscellaneous sizes to 13, brass 
traps from 1,114 to 72, hot water storage tanks from 120 to 14, 
hollow building tile from over 300 styles and weights to 19, wire 
fence from 552 to 69 varieties. Building materials, plumbing sup- 
plies and hardware are all being reduced to the minimum number 
of best standards that are known. A billion dollars may be saved 
to the country annually through this simplification work alone. 
With regard to the standardization and simplification of plumbing 
supplies, the president of the national association declared this to 
be the most important work being done by the national government 
and he felt prepared to support his declaration. Of course the 
manufacturers and jobbers in sheet metal will be pleased with the 
economies and savings effected by discontinuing nearly a thousand 
varieties and sizes, but how will the user of sheet metal profit? 
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This standardization of man-made things may be likened to 
what has taken place in the products of nature. Take corn, for 
example. Instead of letting every variety of corn grow as it wil! 
among weeds and other vegetation man has simplified the product. 
Not only is corn segregated from other vegetation, but the best 
standard of corn is selected and it alone is grown in a particular 
soil until man succeeds in producing a superior standard. 

We have shown that as a result of the study of power loss in 
automobile tires there is to-day an annual saving of approximately 
$40,000,000 in gasoline consumption. In addition to this there is 
a large saving arising from the longer life of tires which are pro- 
duced at less cost. We have spoken of the establishment of the 
dextrose industry and we have been willing to make the estimate 
that millions of dollars worth of the new product will be added to 
the country’s resources. The Bureau of Standards has shown the 
gypsum industry a method of manufacturing a plastic gypsum. 
This discovery leads to better plastering at less cost than formerly. 
The mills are already producing this product. The saving in pro- 
duction and labor should run into hundreds of thousands of dol- 
lars annually. 

Working with the Coast and Geodetic Survey the bureau has 
developed a new combination of radio and sound recording appa- 
ratus which will enable ships to locate their position near shore 
during foggy and unfavorable weather. This means that the sur- 
vey ships will be able to work during all kinds of weather, thereby 
saving upward of a hundred thousand dollars. But this is insig- 
nificant compared with the value of the radio direction finder which 
was initiated by the Bureau of Standards and is being developed 
in cooperation with other government and commercial bodies. 
Within a few years there will be no such thing as holding up ships 
in navigation because of fog. Radio waves will generally replace 
the beacon light in time of fog as well as darkness. The saving in 
navigation costs will run into hundreds of millions annually. 
Likewise the bureau has developed a number of airplane instru- 
ments that have been adopted to meet the most exacting conditions. 
This work can not be evaluated, however, until the future has placed 
an evaluation on air navigation. 

Quite recently the bureau has developed a new safety release 
device for use on tanks containing compressed gases for shipment. 
This improvement will produce an estimated saving of $250,000 
a year. 

Very valuable contributions have been made to our knowledge 
of the materials used in huge structures. New strain gages have 
been devised to accomplish these results. The electrical strain gage, 
made of a pile of carbon dises, for the measurement of minute 
changes in the length of materials under varying loads, has already 
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en used in airships in flight, in bridge structures and in structural 
st members in the two million pound testing machine, and is now 
be used further in road and bridge testing and in the study 


e behavior of unusual dams and towers when the 
ie breaking point. It is difficult to place the value on 


ent which makes possible better and safer ck sign ot hua strue 


tures and which saves thereby both money and human lives, but 
3 easy to believe that the added information has a potent 
of hundreds of millions. 

In connection with building construction the work of the 
ing Code Committee, the Plumbing Committee and the Ha 
Manufacturers Committee should save hundreds of mill 
ally in the construction of dwellings and offices. For exampl 
investigation showed the three-inch stack in plumbing to be equ: 
satisfactory to the four-inch stack now in general use. This 
alone will save a million dollars annually in small dwellings. Like 
wise the investigation showing a petroleum product to be a satis 
factory substitute for glycerine in door checks may mean an annu 
saving of $15,000. And so on we could relate how the investigat 


ly 


of paints, varnishes, soaps, metals, alloys, ete., all produce in one 
way or another enormous savings in American manufactured goo 
Large savings have accrued in the production of government specifi 
cations in order that the government may get a uniformly good 
product for its money. One department this year saved $70,000 
on the purchase of varnish as a result of these specifications. Thre« 
men working for a year in the telephone section were able to cut 
the annual telephone bill in Washington by $85,000 without injur 
ing the service. I believe that already the Bureau of Standards 
has played a key position in adding a billion dollars annually 
the wealth of the nation. But suppose one institution does br 
about such increased efficiency and these enormous savings in Ame! 
ican manufacture, who gets the profit? 

The scepticism on the part of some of the public, particularly 
those who may at some time or other have gone in for profit in oil 
wells or gold mines, is very well illustrated by the story told by th 
Iowa farmer who was about to buy cheaper land in Louisiana 
He made the first trip from Iowa under the gentle guidance of th 
real estate promoter and was led to believe that the land was th 
equal of the Iowa land and was a bargain. It was disclosed that 
the land produced good crops of rice, cotton, sugar cane and even 
corn. In order not to act hastily and unwisely he went home and 
considered the proposition carefully with his wife. He then r 
turned to the small town in Louisiana and proceeded to the farm 
in order to check his information with Jackson, the colored tenant 
on the farm. Jackson gave a very satisfactory report as to the 

Vol. XIX.—42 
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number of bales of cotton, the number of bushels of corn and 
products, whereupon he continued his checking by asking JJ; 
if he did not have considerable money in his pockets as a r 
these good crops. Jackson replied that he had no money at 
upon further questioning explained that ‘‘de ducks’’ had 
everything. The Iowa farmer had heard of the chinch b 
boll-weevil and the blackbird, but he had never heard of th: 
pestilence. Finally Jackson explained that the crops were pr 
harvested and delivered to the store, but when he went to 
settlement it was ‘‘de duck’’ so many dollars for flour, so m 
ham, and ‘‘de duck’’ so much for this and that, and wl 
storekeeper was through there was only $7.87 left for J 
The average citizen of the land is very likely to wonder w 
left for him out of the investment and profits from such instit 
as the national Bureau of Standards. 

It is a little difficult to show any particular citizen just 
his share of the benefit comes, just as it is difficult to show 
what good he gets from the army and navy, and even thx 
office, in case he does not happen to receive mail or the daily 
paper. In order to show what benefits have accrued to the a 
man we may well take a picture of the man a half century 
compare this picture with the average man of to-day, not in his } 
account alone but as to the privileges, comforts and safety that 
enjoys. Happiness may be so difficult to evaluate that perhaps t 
were best omitted from the picture. The man who remembers | 
years ago or even less may picture the idle moments on th« 
goods box, on the prairie schooner or at the fireside during th: 
winter evenings with pleasure or with agony. He may have 
ciated an apparent lengthening of his life arising from the uneven! 
fulness. To-day the average man has a telephone in his hom 
may call up his neighbors or communicate with his relatives ac 
the continent almost at a moment’s notice. Formerly he could t 
as far as his voice could carry and communicate as far as he co 
see his neighbor’s light. To-day the average man ean sit in 
own home and hear talks from the most able men in the land. I 
ean hear the finest music that only kings could hear formerly. A 
most every man in the land travels in an automobile or in a t! 
or even in an airplane if necessity or his heart’s desire calls for 


This makes it possible for a man to cover as much territory i 


year now as his ancestors covered in a lifetime. The big earth h 
apparently shrunk or, looking at it in another way, man has grow 
in his power so that the earth seems small relatively. The averag 
man gets a very excellent picture of great actors on the movie sere: 
and he enjoys these more frequently and more intently than king 
and princes enjoyed the depicting of human life on the stage a ce! 
tury ago. A half century ago the great musicians were heard on); 
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relatively small number of people. To-day they are heard not 
over the radio, but their accomplishments are recorded in wax 
reproduced quite faithfully for all time to come. In a sense 
tness has become immortalized. In those days, when only 
eould hear and see the prima donnas, only about the same 
\ber could wear silk gowns and silk stockings. To-day the 
iber without silk stockings are as rare as those with them a 
century ago. 
In this half century period we have seen the great developments 
d additions to man’s comforts and power through electricity 
We have the street car, the automobile, the elevator and many other 
entions carrying man or his possessions by electricity. We have 
ectricity stored up in countless batteries ready to do man’s work 
tarting his automobiles, controlling his railway safety switch sig 
als, furnishing power for his radio and so on. Countless electrical 
otors render service to every man, either in street ears, elevators, 
‘factory machinery, washing machinery, vacuum cleaners or what 
not. But perhaps the greatest of all is the electrie light, which 
nearly every citizen of the land can enjoy. ‘Likewise every one can 
cook his meals with gas. Millions to-day have their noon-day 
meals in cafeterias, lunch rooms and palaces as compared with the 
cold lunch in a dinner pail less than a quarter of a century back 
A half century ago art was limited to a very few. Aside from 
the natural beauty of the hills and trees there was not much beauty 
for the average man. The benefits from improved and more effi 
cient architecture such as we now have in our homes and public 
buildings, as well as the more pleasing effect in improved landscape 
gardening, are immeasurable. No value can be placed on increased 
happiness arising from a more universal appearance of well-dressed 
folks, beautiful buildings and interior decorations of homes and 
handsome public conveyances. 
In the matter of public health and sanitation the figures show 
a very great diminution in the death-rate. We can hardly guess 
as to the amount or the value of the easement of our nerves arising 
from such blessings as the intelligently controlled water supply, im 
proved machinery, improved surgical apparatus, discoveries in 
X-rays and radium and the broader knowledge of the properties 
of matter generally, which have all contributed to practically 
eliminate plagues, pestilences and the like, and have almost gone 
so far as to cure incurables. 
The man of yore quite frequently had to sleep with his gun over 
the doorway or under his pillow. To-day a man feels safe to live 
and travel anywhere without a weapon for defense. Institutions 


of many varieties make hunger and suffering in old age quite un- 
usual. Over a hundred billion dollars in life and fire insurance 
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goes far to relieve human nerves from worry and to raise { 
of human output. 

Every sense that man possesses has been expanded as 
of scientific effort in our civilization. Our increased ky 
about the properties of matter and energy and the commo: 
commerce has enormously increased the power of the avera 

With this rough picture of what scientifie achieven 
added to human comfort, safety and ease of living, there is 
much room for doubt as to who gets the benefit from imp: 
and savings in the manufacture and distribution of th¢ 
commerce. When we enter the millionaire’s estate and se 
groomed and well-fed servants, we are led to believe tha 
one on the payroll is in improved circumstances because of 1 
lionaire’s suecess. Perhaps we wonder after all if he does , 
equitable distribution of his wealth in proportion to the 
efforts of those who help him. 

Consider automobile brake linings as an example. Th 
facturers are placing a product on the market from three t 
times as good as that three years ago for practically the same « 
I believe that in the severe competition that exists in the a 
tive industry this saving is handed down to every buyer 
automobile. This means that only one third as many men n 
engaged in making automobile brake linings. In other words 
additional men are released to help society in other ways, to dey 


or raise new agricultural products, to manufacture cosmetic 


discover new wonders of the world or what not. Quite asid 
economic considerations there is the advantage of greater } 
safety. A-very large portion of the accidents and deaths 
automobiles in recent years have arisen because brake linings 
worn so that the driver did not have proper control of the mac! 
Every improvement in brakes saves the lives of many people 
With regard to the automobile tire, it is common knowl 
that the tires are more than twice as good as they were a few 
back, and the price is less. I would not go so far as to ascribe 
keen desire on the part of any manufacturer to reduce prices vol 
tarily. It is rather the fundamental and classical law of econo: 
that has prevailed. Competition has led the tire manufacture! 
make a better product and to use all the scientific informat 
available from the Bureau of Standards or where not. Impr 
ment in quality and reduction of waste has been stock in h: 
The prices have been fixed and lowered in order to get business 
maintain profits. The fact is, the rewards of science as appli: 
automobile tires have certainly been handed down to every aut 
bile owner and to every man who is rendered service by the a 


mobile. 
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CoTToN is a social climber. Handicapped 
COTTON FINDS of the sheen of silk or the luster 
A NEW warmth of wool, it is now gaining upo 
CAMOUFLAGE aid of the chemist. . 
Silk, the aristocrat of textiles, gets the gloss that 
he envy of the rival fibers from being forced out in a viscous form from 
e tiny orifices of the spinnerets of the silkworm, solidifyi1 
ck smooth eylinder a thousand yards long. 
Cotton, on the contrary, if you compare it under a microscope, 
ke a short twisted tape, and wool like a rough and sealy rope. Cotton 
» quote an old joke, shrinks from soaping—like a small boy. Dipping 
tton into strong alkali eauses the fibers to shorten and thicken and 
soften. Seventy-five years ago it oceurred to an English chemist, John 
Mercer, to try what would happen if the cotton were not allowed to shrink 
So he kept the thread or cloth on stretchers while it was dipped into 
iution of caustic soda and left to dry under tension. The 
kinks out of the cotton and softened its surface and this 
ng of the luster of silk. So Mercer nort: himse 
MacAdam, the road-maker, by converting his name from a 
to a verb, and we have had “mercerized” cotton ever since 
Now a new method of treating cotton has been invents 
ypposite of the mercerization process for it is produced by 
alkali. Charles Schwartz, of the Philana Company, at Basle, 
has found that cotton may be made to resemble its other riv: 
mmersing it in concentrated nitrie acid. The fibers be 
and their surface rougher, and the fabric assumes the 
material to sight and touch. The tensile strength 


ny fifty per cent. and the resistance of the surface against scrap 


improved by two hundred per cent. In wear and warmth and appear 
I 


ance the philanized cloth resembles woolen. 

We might suppose that the action of nitrie acid on cotton would 
duce nitro-cellulose, otherwise known as gun-cotton. It would ne 
pleasant to go about clothed in a high explosive. But in making nitr 
cellulose sulfuric acid is needed to facilitate the reaction of the 1 
In the present process the nitrie acid merely attacks the surface and 
washed out afterwards, or eliminated by alkali. The cotton acquires 
yellowish tinge but this may be removed by bleaching. The philanized 
fabrie may be later mercerized and this makes it look like linen. It 
said to dye more readily and brilliantly than untreated cotton. One of 
the leading German dye works is using the new process. 

In England nitric acid is being applied to the improvement of ramie, 
an Indian fiber. When ramie under tension is treated with nitrie acid 
it aequires a silken luster. When not stretched, it resembles wool. Three 


minutes’ dipping in the cold concentrated nitrie acid is sufficient for 
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LORD LISTER 


Unveiling of the statue of Lord Lister in Kelvingrove Park, Glasgow, 
tember 17. 


Lister became professor of surgery in the University of | 
1860. He began to develop his antiseptic treatment of wounds 
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fect. The fiber gains slightly in weight and co: 
d takes dye s better. 
The chemist has made a new market for cot 


; 


[on wasil 
mpletely in nitric acid, alkaline sulfide or acetic acid, and 
e viscous fluid into threads of any length, size and shaps 
roducing thereby a synthetic fiber that closely simulates silk 
nee if not in strength. Fifty per cent. of what seems to be 
avs comes from the chemical laboratory instead of from the 
aking on the chemist as an ally, King Cotton is enla 


A COUPLE ol years ago an Enel 
beth S. Semmens, was told by) 
seeds planted in the first quart 


MOONSHINE ? minated better than 


IS IT 


when pla 
moon. 
Being a scientist as well as a woman, Miss Semmens 
a double dose ot curiosity, so she set herself to find out, 
and second, if so, why? 


Miss Semmens began by exposing different samples of the 


moonlight and to sunlight, and she found that more seeds germi 
the moonlit set than in the sunlit set. This indicated that there mig 
something in the old idea. Anyhow it seemed worth investigatir 
closely. 
At first thought the notion seemed absurd, for moor ht 

times weaker than sunlight so how could it be more effective in stimul: 
plant growth? Besides, moonlight is sunlight, for the moon shines 
by the reflected rays of the sun. Has the sunlight undergone an) 

in quality by being reflected from the moon besides being dimini 


) 


quantity : In one respect it has, though nobody ever thought t mad 


difference. Retiected light is polarized. Light eonsists ot vibrat 


across the line of sight. If we look at a lamp on the other side 


room, the light waves in the ray coming to us move up 
and left, and all the angles in between. But if the ray of 
in a mirror at a certain angle, part of the vibrations, say 
movements, are quenched and the ray of reflected light consists mostly o! 
vibrations in one plane, say up and down. Such light is called 
because the vibrations have polarity, that is, motion to and 
of direction. The eye can not tell the difference between 
ordinary light, and we do not like to think that pl: 
we are in any respect. 

But we have to admit that there are some things th: 


ints 


and we ean not One of them is the building up of starch out 
which the plant accomplishes with ease, but which we are not 


enough to do. The reverse process, the breaking down of staré h, 


do and do do in our glucose factories, where thousands of tons 
starch are turned into syrup. This is accomplished in the factory 
ing the starch in warm water and adding a little acid. The plant 
same result by using, instead of acid, a minute amount of a fern 
diastase. 

In order to see if polarized light had any effect upon the dig 
esses of the plant, Miss Semmens placed some grains of st 
solution of diastase on a microscope slide and threw upon it a beam 
polarized light, using a mirror instead of the moon for reflecting th 


WW 


beeause it is handier to handle. Another slide of the same sort was 
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posed to ordinary. diffused sunlight, mostly not polarized, and a thi: 
kept in the dark. The starch was actively attacked and dissolved 
polarized light; very slowly in the ordinary sunlight, and not at 
the dark. The temperature was kept the same for all three slides. to 
a temperature for the starch to dissolve under ordinary conditio; 
some cases artificial light was substituted for daylight, and the Ligh 
either polarized by reflection from a glass-covered ferrotype plat 
passing it through a Nicol prism, which consists of a calcite crystal 





such a way as to divide a ray of ordinary light into two rays, polar 
right angles to each other. 

Miss Semmens showed me some of her photographs and slides 
train in Canada last month. Where the polarized light had been at 
for awhile the purple starch grains disappear and appear in late: 
as coppery spots of glucose very plain and very pretty. A stare! 
seen through a microscope looks like a big clam shell. Those that 
being eaten away by the diastase under polarized light were notche 
nicked all around the edge, like a cake that had been nibbled at by a 
boy. 

When Miss Semmens announced her results, they were received 
much surprise and considerable skepticism. Nobody had ever seen suc} 
effect by polarized light. Which is not strange, considering that nob 
ever seems to have looked for it. Also, it was pointed out, the exper 
were delicate, the results microscopic and the liability of error great. 
finally, what reason was there for thinking that the reactions obs 
under the microscope actually occurred in the plant. 

But Miss Semmens—-well, you know how women are, the more you t 
them that they are wrong the more apt they are to prove themselves 
In spite of the ineredulity of experts, she went on with her work 
obtained funds for research from her college, Bedford College for Wor 
in London. She made a convert to her views in Professor Baly, of L 
pool University, who has been carrying on remarkable researches 
synthesis of sugars by electric light, and she went to Liverpool to 
with him. Then she crossed the Atlantic to continue her experiments | 
Professor Lloyd, of McGill University, Montreal. 

She has now proved that polarized light thrown upon a living leaf 
stimulate the dissolution of starch grains just as it does 6n a glass 
Now when the insoluble starch molecule breaks up it splits into two mo! 


pti non aah Ok oe. 


ee 


cules of glucose. Increasing the number of molecules in the cell sap must 
cause an inerease in the solution pressure and so a swelling of 
The mouths through which the plant breathes, the stomata of the leaf, : 
closed and opened by two guard cells which act like lips. When thes 
swell and stiffen the mouth closes. These guard cells are filled with star 
and when this breaks down into sugar the cells become turgid and so ope! 
the slit. Miss Semmens has found that polarized light has this effeet 

so may- account for the opening and closing of the stomata as the daylight 
changes. 

Just before sunrise, and after sunset, the light we get is largely pola 
ized since it comes to us by reflection from particles in the air. As thi 
sun rises to the noon height, the proportion of direct light becomes greater 
and of polarized light less. This is the time when starch is formed in t! 
green leaves by the sunshine, but after six o’clock, when the vertical light 
from the evening sky striking the leaves is polarized, the starch begins t 
dissolve into glucose. 


; 
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chemist of U. S. Department of Agriculture and for many 


George Washington University, whose eightieth b rthday 
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It is a new field into which Miss Semmens has entered and if her r 
sults stand the test of further investigations they may give a clew to mar 
a problem of plant and animal life. She herself regards the question : 
still in the tentative stage and, while she is confident of the validity of h 


experiments, she religiously resists the temptation to speculate as to thei 


possibilities, at least in publie. 
It would be foolish of me to rush in where she fears to tread, but I c 


an 
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COMPLETE WORKS 


not refrain from calling attention to the import 
vital processes. It is well known that many of 
plants and animals, notably starch and sugar of al 
power of twisting around a ray of polarized light 
them. They are, as the chemist calls it. “optically a 
is so constructed as to have a sort ef corkserew actior 
peculiarity is taken advantaec of in sugar 


wants to find out how much sugar a beet contains | 
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THE SHENANDOAH 


Photographed from a navy airplane while passing over Los Angeles 








THE GIANT ZEPPELIN, ZR-3 


Photographed as she was arriving at the Naval Air Station at Lakehurst, 


New Jersey, after her eighty-one hour voyage across the Atlantic. 
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On the left is Dr. Hugo Eckener, Gern 
the flight to the United States; next t 
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CABIN OF THE GIANT ZEPPELIN, ZR-3 


Photographed as she was arriving at the Naval Air Station at 
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the juice and puts it into a tube of known length, capped with glass ; 
both ends, looks at a ray of polarized light passing through it, and rea 
off the percentage of sugar. Some sugars rotate the ray to the right 
others to the left, in different degrees but always the same for each suc: 
The right and left screw-forms of the same substance often have differ: 
physiological effects. Certain kinds of bacteria will eat a left-handed cor 
pound while rejecting its right-handed twin. But when a chemist m 
one of these vegetable compounds artificially, it usually turns out to 
inactive because the two opposing forms are mixed or combined so a 
neutralize each other. Since so many natural substances have an effect 
polarized light, it would not be surprising after all if it should be for 
that polarized light had an effect on them. 

Then there is reopened the question of the moon which in all ages 
been supposed to exert a mysterious influence upon—but I really 1 
stop lest I wander beyond the legitimate range of the scientific imaginat 


By a new method of analyzing the spectrum of a star 
FEELING THE it is now possible to trace regular pulsations throu 
PULSE OF A its atmosphere. What caused the fluctuations in 1 
STAR intensity and quality of the light from variable stay 
has long been a puzzle to astronomers. 

By comparing the swinging of a candelabrum with his own pulse be 
Galileo diseovered that the period of a pendulum is constant, that 
does not depend upon the distance through which it swings. Quite sin 
larly the gases in the atmosphere of a variable star are swinging back an 
forth, in and out, all in the same length of time, but not all through 1 
same distance, as the outermost layer in some of the stars moves very lit 
Moreover, one layer of the atmosphere receives the motion and passes 
on to the next from interior to exterior and back again like a perpet 
motion machine. The pulsation of the outer layer takes place last, 
as the tipping of the last domino of a falling row; but to make 


analogy complete someone would have to stand the dominoes on end agai: 


and start the motion backward. 

The pulse of the giant star, Eta Aquilae, beats once a week and duri: 
this period the star changes from the third to the fourth magnitude, w! 
is easily observed with the naked eye. The change of light accompanies 
the pulsation through the atmosphere, which carries the energy from the 
storehouse in the interior to the surface boundary for exportation. During 


el 


the same time the star changes from a bright orange to a golden color wit! 
the increase of radiation. 

The cause of these changes has been investigated at the Observatory ol 
the University of Michigan by Professor W. Carl Rufus. By employing 
a new method of analyzing the rays from this star he has found that the 
changes of its light are due to alternate compression and expansion of the 
atmospheric gases. 

Compression is a heating process, and the increase of temperature of 
the radiating surface makes the star shine more brightly. Expansion 
produces the opposite effect. So with every beat of the pulse of the star 
these alternating physical processes are revealed in the rate of flow of 
its energy as seen by the eye and interpreted by the mind of man. 

The souree of this inexhaustible supply of energy, however, is a prob 
lem that has ecmpletely baffled the astronomers in spite of their giant 
telescopes, their ingenious spectroscopes and sensitive photometers. 
Energy seems to be a final product in the quest for scientifie truth or the 
most primitive star-stuff from which the universe evolved. 
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